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Fore^word 


ABOUT  two  hundred  and  fifty  years  ago  a  man  named 
Nicholas  Barbon,  following  the  marine  practice  of  many 
years'  standing,  conceived  the  idea  of  broadening  the 
risk  to  include  fire  in  buildings  or  their  contents.  To  each 
property  owner  who  desired  it,  he  guaranteed  reimbursement 
up  to  a  certain  amount  in  case  of  loss,  accepting  in  exchange 
for  the  responsibility  of  this  risk  an  annual  payment  of  a 
certain  small  amount  called  the  premium.  This  was  the  begin- 
ning of  the  fire  insurance  business.  Today,  by  the  application 
of  the  law  of  averages  and  other  scientific  principles,  what 
was  at  first  a  mere  gamble  has  become  a  real  co-operative 
business  arrangement  by  which  a  host  of  owners  pay  yearly 
a  small  but  carefully  calculated  sum  to  the  insurance  companies 
in  order  that  the  certain  number  of  owners  who  are  bound  to 
be  visited  by  fire  during  the  year  may  be  reimbursed  for  their 
losses.  The  insurance  business  has  grown  amazingly,  until 
now  it  represents  millions  upon  millions  of  capital,  controls  a 
vast  army  of  employes,  and  covers  almost  every  conceivable 
form  of  risk, 

€L  And  yet  it  is  evident  that  a  fire  insurance  policy  does  not 
represent  the  last  word  on  the  subject  of  protection.  At  best 
it  is  only  financial  protection  and  can  be  of  no  help  in  prevent- 
ing the  building  from  catching  fire  or  from  burning  up.  The 
payment  of  the  loss  by  the  insurance  company  may  enable 
the  owner  to  rebuild  as  good  as  new,  but  the  useful  material 
which  has  been  reduced  to  impotent  ashes  can  never  be 
restored.  Every  fire,  then,  is  a  waste  of  the  world's  energy, 
and  the  yearly  total  of  fire  losses  reaches  such  a  staggering  sum, 
particularly  in  this  country,  that  a  continuance  of  such  annual 
sacrifices  would  seem  to  mean  the  possibility  of  our  ultimate 


financial  ruin.  The  principle  of  "conservation  of  the  world's 
resources"  demands  a  more  rational  method  of  procedure, 
namely,  the  construction  of  buildings  of  materials  that  cannot 
bum.  Notwithstanding  this  most  obvious  conclusion,  it  is 
within  the  memory  of  many  a  man  of  today— and  not  the 
"oldest  inhabitant"  either— that  the  first  real  steps  were  taken 
to  make  use  of  methods  and  materials  in  building  construction 
which  would  safeguard  the  building  against  this  terrible 
destroyer. 

€L  Strange  as  it  may  seem,  it  took  years  of  strenuous  effort 
on  the  part  of  the  believers  in  this  principle  of  fire  prevention 
before  the  movement  could  gain  sufficient  headway  to  become 
a  potential  force  in  the  constructive  activity  of  this  country. 
The  insurance  policy— the  easy  road  to  financial  reimbursement 
—was  too  alluring.  Our  forests  seemed  inexhaustible.  Lumber 
was  cheap  and  easily  obtained,  while  steel  and  tile,  concrete, 
and  other  fireproof  materials  were  too  expensive  to  be  con- 
sidered. In  fact,  the  world  had  to  suffer  several  serious 
conflagrations  and  in  the  end  the  owner,  the  architect,  and 
the  contractor  had  to  be  compelled  by  proper  municipal  legis- 
lation to  build  according  to  fire  protective  specifications  before 
much  progress  could  be  made. 

€L  The  effect  of  this  restrictive  legislation  is  shown  in  its 
most  complete  form  in  Europe,  where  the  broader  area  of  the 
congested  districts  and  the  scarcity  of  lumber  have  forced  the 
problem  to  its  natural  solution  much  earlier  than  in  this 
country.  The  wonderfully  effective  "neighboring  risk"  idea, 
by  which  each  owner  is  made  liable  for  damage  to  his  neighbor's 
property  through  fires  due  to  his  own  carelessness  or  to  the 
neglect  of  proper  preventive  methods,  has  also  helped  to  stimu- 
late the  rapid  adoption  of  the  protective  measures,  resulting 
in  fire  losses  per  capita  in  different  parts  of  Europe  which 
are  from  six  to  twenty  times  lower  than  the  figure  for  this 
country,  and  this,  too,  in  the  face  of  a  much  denser  population. 


C  However,  the  cause  of  fire  prevention  and  the  appreciation 
of  fireproof  construction  has  progressed  very  rapidly  in  the 
United  States  during  the  last  few  years.  The  establishment 
of  Boards  of  Underwriters,  the  development  of  Underwriters' 
Laboratories,  where  fire  preventive  appliances  may  be  tested 
and  certified  to,  the  good  work  of  the  National  Fire  Protection 
Association  and  of  the  New  England  Factory  Mutuals,  and 
the  earnest  co-operation  of  the  insurance  companies  with 
these  seemingly  antagonistic  organizations,  all  show  that  we 
are  rapidly  approaching  a  period  when  fireproofiug  will  be  the 
rule  instead  of  the  exception,  and  when  our  present  enormous 
annual  fire  losses  will  be  reduced  to  a  reasonable  amount. 

C.  It  is  with  the  idea  of  furthering  this  great  cause  of  Pire 
Prevention,  and  of  bringing  to  the  attention  of  the  general 
public  the  true  function  of  Fire  Insurance,  its  relation  to  Fire 
Prevention,  and  the  methods  which  are  used,  that  this  work 
has  been  published.  The  literature  on  the  subject,  particularly 
along  non-technical  lines,  has  been  very  meager  and  it  is 
hoped  that  this  Cyclopedia  will  satisfy  a  long-felt  want. 

C,  The  appreciation  of  the  publishers  is  here  expressed  to  the 
authors  and  collaborators — engineers,  architects,  underwriters, 
practical  insurance  men  of  wide  experience,  and  teachers  of 
recognized  ability— for  their  counsel  and  guidance  in  the  prep- 
aration of  this  work. 
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FIRE  INSURANCE  INSPECTION 

PART  I 
REPORTS  AND  THEIR  PREPARATION 

WRITTEN  REPORTS 

Necessity  for  Reports.  If  underwriting  were  confined  to  the 
locality  in  which  a  risk  were  situated,  the  need  for  insurance  reports 
w^ould  vanish  at  once,  but  owing  to  the  extent  of  the  operations  of 
the  Fire  Insurance  Companies  and  the  number  of  processes  through 
which  a  risk  must  go  before  it  becomes  properly  insured,  some 
accurate  description  of  the  property  is  necessary.  The  underwriter 
and  the  raier  are  unable  to  give  the  risks  which  they  are  consider- 
ing a  personal  examination  and  yet,  in  order  to  render  an  intelligent 
opinion,  they  must  become  familiar  with  certain  physical  and  moral 
conditions  of  the  properties.  This  information  must  be  furnished 
them  by  the  surveyors  and  inspectors,  who,  therefore,  become  the 
eyes,  and  to  a  certain  extent  the  brains  of  the  underwriter  and  the 
rater. 

The  transfer  of  the  information  gleaned  by  the  man  who  has 
seen  the  property  to  the  man  who  is  supposed  to  pass  upon  its  de- 
sirability as  a  risk,  becomes  a  matter  of  vital  importance.  Verbal 
reports,  although  possessing  the  advantage  of  direct  contact  between 
the  men  engaged  in  judging  the  merits  of  the  risk,  have  the  decided 
disadvantage  of  depending  for  their  accuracy  upon  the  memory, 
and  of  leaving  no  dependable  record  concerning  the  risk  which  has 
been  inspected. 

Written  reports  on  the  other  hand,  place  in  permanent  form 
for  the  consideration  of  the  underwriter,  for  duplication,  and  for 
filing,  accurate  data  concerning  every  risk  inspected  and  fall  short 
of  being  ideal  only  in  so  far  as  the  inspector  fails  to  express  clearly 
in  words  the  observations  taken.  Survejdng  and  inspecting  are, 
therefore,  not  only  a  science  of  observation,  but  an  art  of  descrip- 
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2  FIRE  INSURANCE  INSPECTION 

tion,  and  both  requirements  should  l>e  developed  if  one  would  make 
his  work  of  the  highest  efficiency. 

The  description  of  a  fire  insurance  risk  is,  in  the  strict  sense 
of  the  word,  a  survey y  an  "over-view/*  and  when  properly  performed, 
is  as  complete  and  thorough  as  a  physician's  history  of  a  medical 
case,  or  a  la^^yer's  brief  of  a  legal  case.  It  is  a  complete  story 
of  the  risk,  including  its  past  history,  its  present  status,  and  its 
possible  future  condition ;  it  should  do  more  than  ascertain  existing 
conditions  for  it  should  supply  the  basis  for  improvements,  should 
anticipate  fire  and  foretell  its  probable  results.  Every  survey  is 
likely  to  result  in  a  special  problem  because  of  unforeseen  conditions. 
Of  six  surveyors  who  examine  an  important  risk,  there  is  probably 
one  man  whose  perceptions  are  keenest  on  this  particular  risk  or 
who  has  an  insurance  sense  so  to  speak.  As  a  result,  he  masters  the 
riddle  of  this  particular  conglomeration  of  hazards  and  offers  the 
proper  solution. 

Changeableness  is  a  prominent  feature  of  risks,  so  surveyors 
are  warned  against  making  a  routine  of  their  work.  They  must  keep 
their  methods  flexible  enough  to  meet  new  conditions  as  they  arise; 
the  eye  and  mind  must  make  their  observations  without  any  pre- 
conceived notion  of  what  the  condition  should  be,  allowing  experience 
to  act  as  a  guide,  not  as  a  master. 

Essentials  of  a  Qood  Report.  A  good  report  does  not  neces- 
sarily follow  as  the  result  of  a  good  inspection.  An  inspection  of 
a  risk  is  a  matter  of  observation  of  details  on  the  part  of  the  surveyor, 
coupled  with  a  broad  knowledge  of  the  requirements  of  a  good  risk 
and  a  keen  perception  of  the  deficiencies  in  the  proposition  under 
consideration.  A  report,  on  the  other  hand,  must  convey  in  words 
all  of  the  impressions  of  the  inspector  regarding  the  risk — a  sort  of 
word  picture  from  which  the  rater  or  underwTiter  can  read  the 
good  or  bad  features  and  draw  his  final  conclusion  as  accurately 
as  if  he  had  visited  the  risk  himself. 

Clearness  and  Brevity.  The  language  of  the  report  should  be 
direct  and  well  worked  out  so  as  to  bring  the  rater  in  touch  vdth 
the  risk  with  the  least  expenditure  of  time  and  effort.  Again,  the 
statements  should  be  as  brief  as  is  compatible  A^dth  clear  descrip- 
tions of  conditions.  Reports  should  always  be  reread  by  the  surveyor 
in  order  to  apply  the  final  test,  viz,  that  the  report  be  clear  to  the 
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one  who  wrote  it.  If  the  author  will  stop  and  read  over  the  report 
from  the  viewpoint  of  a  stranger  to  the  risk,  he  will  be  surprised 
at  the  number  of  statements  which,  on  second  reading,  take  on 
meanings  quite  different  from  those  he  really  wished  to  express. 

Completeness,  A  good  report  should  contain  all  the  facts  and 
information  that  the  surveyor  has  gathered.  The  bad  practice  of 
leaving  out  certain  details  which  the  inspector  intends  to  explain 
orally,  or  of  leaving  out  what  to  him  seem  trivial  matters,  should 
be  carefully  avoided.  If  the  report  is  made  complete  it  becomes  a 
matter  of  record,  and  all  subsequent  questions  relative  to  thg  risk 
will  in  no  way  depend  upon  the  memory  of  the  surveyor,  but  will 
be  answered  immediately  by  the  report  itself. 

Logical  Order,  A  good  report  will  present  the  various  features 
of  the  risk  in  regular  order,  grouping  those  which  are  related  to  each 
other  and  giving  each  the  necessary  treatment. 

Cooperation.  A  good  report  should  be  co-operative,  in  that 
it  should  conform,  as  far  as  practicable,  to  the  plan  or  method  of 
work  of  the  person  who  must  make  use  of  the  report,  if  at  the  same 
time  this  does  not  hamper  the  inspector  and  prevent  him  from  de- 
scribing things  as  he  sees  them. 

Form  of  Record,  In  making  reports  the  use  of  a  permanent 
notebook  is  strongly  advised,  as  such  a  record  form  is  better  than 
loose  sheets  or  temporary  memorandums  for  a  number  of  reasons. 
First,  it  is  a  permanent  record  and  can  always  be  referred  to  in  case 
the  report  is  questioned;  second,  it  is  an  aid  to  regular  practices  and 
uniform  methods,  because  the  inspector  has  the  book  always  with 
him  and  can  refer  back  for  style  and  form  to  the  notes  taken  on 
other  risks.  It  also  develops  the  habit  of  making  more  complete 
notes  than  would  be  made  were  loose  sheets  used,  and  making  them 
while  the  observations  and  impressions  are  fresh  and  vivid.  It  takes 
very  little  experience  for  an  inspector  to  find  out  how  quickly  he 
can  lose  many  an  important  detail  if  he  does  not  promptly  jot  it 
down. 

Composition.  Outline,  In  writing  a  report,  the  ease  of  com- 
position and  the  clearness  of  the  result  will  be  greatly  increased  by 
the  aid  of  a  definite  outline  or  scheme,  which  consists  of  the  main 
divisions  of  the  report  and  a  list  of  the  topics  in  the  order  in  which 
they  are  to  be  considered.    As  soon  as  the  outline  is  decided  upon 
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by  the  inspector,  he  must  arrange  his  material  to  fit  the  scheme. 
He  has  before  him  in  his  notebook  a  mass  of  notes,  statements, 
figures,  abbreviations,  and  other  miscellaneous  information,  jotted 
down  more  or  less  hurriedly  as  he  made  his  inspection.  Using  this 
outline  as  a  guide,  he  can  rapidly  gather  these  scattered  bits  of  in- 
formation into  groups  under  each  one  of  the  outline  headings,  after 
which  each  may  be  worked  out  to  its  logical  conclusion. 

Headings,  The  headings  which  appear  in  the  outline  can  be 
used  to  good  advantage  in  the  text  of  the  report  itself,  serving  the 
purpose  of  an  index  and  acting  as  so  many  sign  boards  to  guide  the 
underwriter  or  the  rater  to  the  particular  bit  of  information  desired. 
These  headings  will  appear  as  follows:  centered  or  main  headings; 
side  headings  with  all  capital  letters,  or  doubly  underscored;  and 
side  headings  singly  underscored;  the  importance  of  the  headings 
being  in  the  order  named.  To  further  accentuate  certain  divisions, 
paragraphs  may  be  indented — set  in  a  bit  from  the  margin — or 
material  may  be  put  in  tabular  form,  or  letters  and  numerab  may 
be  used  as  paragraph  marks. 

Report  Forms.  In  the  United  States  there  are  about  forty 
organizations  performing  field  work  requiring  the  preparation  of 
written  reports  by  surveyors  and  inspectors.  These  reports  are  for 
use  in  schedule  rating,  for  general  survey,  for  bureau  or  exchange 
information,  for  the  information  of  the  companies,  and  for  reference 
purposes  either  by  being  placed  in  office  files  or  by  being  printed 
and  distributed  to  interested  parties.  The  risks  described  cover  nulls, 
factories,  mercantile  buildings,  hotels,  theaters,  and  omnibus  occu- 
pancy, either  singly  or  in  groups.  A  careful  examination  and  study 
of  the  report  blanks  of  these  various  organizations  will  help  the 
surveyor  or  inspector  in  his  work,  and  for  this  reason  a  brief  descrip- 
tion of  some  of  the  standard  forms  is  here  given. 

Although  the  organizations  are  doing  similar  work,  their  reports 
show  considerable  variation.  For  instance,  the  color  of  the  reports 
may  be  white,  blue,  yellow,  or  pink;  the  size  may  vary  from  a  booklet 
of  16  pages,  8 J  by  11  inches  in  dimension,  to  a  folder  of  2  pages,  4 
by  8§  inches;  the  ruling  on  the  page,  if  any,  may  be  anything  from 
i  inch  to  j\  inch ;  as  to  form,  the  sheet  may  be  flat,  or  folded  with 
the  customary  book  fold  from  side  to  side,  or  with  the  legal  fold 
from  top  to  bottom.    Some  of  the  reports  are  typewritten  and  some 
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penwritten,  although  the  necessity  of  writing  the  items  which  are 
invariably  present  in  all  reports  is  avoided  by  printing  the  standard 
features  upon  the  report  sheet.  This  latter  point  must  not  be  carried 
too  far,  however,  as  it  can  easily  result  in  an  appreciable  loss  of 
efficiency,  particularly  where  a  survey  consists  of  a  hundred  or  more 
features. 

Report  forms  may  be  divided  into  three  classes,  viz,  outline, 
caiegoriccU,  and  flexible. 

Outline  Form.  In  the  order  of  development  the  outline  form 
undoubtedly  comes  first,  and  consists  of  a  number  of  printed  head- 
ings corresponding  to  the  various  features  of  the  building  to  be  in- 
spected, as  follows:  Height  and  size,  roofs,  skylights  and  wellholes, 
floors,  floor  supports,  ceilings,  stairs,  elevators,  communications, 
lighting,  heating,  drying,  boilers,  steam,  fuel,  ashes,  oils,  hands 
employed,  and  conditions  of  premises. 

Under  each  of  these  headings  are  ruled  a  number  of  blank  lines 
to  be  fllled  by  the  description  of  that  feature.  The  details,  however, 
and  method  of  treatment  are  not  stated  on  the  report. 

Categorical  Form.  The  categorical  form  is  a  development  of 
the  outline,  but  in  addition  to  the  set  headings,  it  contains  under 
each,  some  very  minute  directions.  A  reproduction  of  a  standard 
categorical  report  form  is  shown  on  pages  6  and  7.  With  such  an 
encyclopedic  form,  it  is  only  necessary  to  flll  in  yes  or  no,  and 
underscore  or  check  the  varioiis  items. 

Flexible  Form.  The  flexible  form  dispenses  with  the  printed 
headings  and  descriptions  except  for  the  first  page,  which  contains 
the  name  and  address  of  the  organization  and  a  few  other  constant 
items,  such  as  the  location  of  the  risk,  the  owner,  lessee,  etc, 

DESCRIPTION  OF  A  RISK 

Insured  and  the  Insurable  Interest.  The  name  of  the  insiu^ 
or  occupant  of  the  risk  should  be  obtained  correctly  and  stated  in 
full  in  order  to  avoid  confusion  with  similar  names;  it  b  important 
to  state  whether  the  insured  is  an  individual,  a  firm,  a  company,  or 
a  corporation.  In  many  cases  business  is  now  carried  on  under  a 
fictitious  name  or  title,  instances  of  which  are  the  use  of  a  trade 
mark,  the  use  of  a  company  or  corporation  title  to  which  the  insured 
is  not  really  entitled,  and  the  use  of  a  business  title  or  style  as  it  is 
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technically  named.  In  all  of  these  cases  the  real  name  of  the  insured 
and  the  business  or  fictitious  name  should  be  plainly  stated  in  the 
report,  one  or  the  other  being  placed  in  parentheses  or  brackets. 

There  are  many  cases  in  which  the  ownership  of  property  is 
not  a  plain,  simple  matter,  and  as  fire  insurance  cannot  legally  be 
issued  except  to  a  person  who  has  an  interest  in  the  property,  this 
makes  it  important  to  find  out  where  interest  in  one  form  or  another 
may  exist.  Conversely,  any  person  who  has  an  interest  or  share  in 
the  property  of  another  is  considered  an  owner  and,  therefore,  may 
obtain  insurance. 

A  list  of  such  cases  of  insurable  interest  may  be  given  as  follows: 
lessee,  receiver,  executor,  trustee,  attorney,  agent,  contractor, 
manager,  and  administrator. 

Location  and  Address.  In  describing  the  location  of  risks, 
especially  in  a  city  or  town  which  is  laid  out  in  streets  or  avenues, 
it  is  usually  very  important  that  the  name  of  the  street  and  the 
number  of  the  building  be  stated  accurately  and  in  full.  A  building 
is  located  by  giving  its  number  and  the  name  of  the  street  on  which 
the  building  fronts;  for  example,  "125  Jones  Street."  When  the 
number  of  a  building  is  not  plainly  indicated  on  its  front,  it  may 
be  obtained  either  by  noting  the  number  of  the  building  on  either 
side,  or  by  consulting  the  regular  insurance  maps,  or  the  real  estate 
maps  prepared  by  the  city  government. 

Buildings  which  front  on  parallel  streets  should  be  located  by 
giving  the  street  number  of  each  street,  the  front  address  first;  if 
there  are  side  addresses  also,  the  order  of  statement  should  be  front, 
left,  rear,  and  right. 

Note.  The  side  of  a  building  having  the  principal  entrance  is  usually 
considered  the  front,  while  the  other  sides  are  generally  obtained  in  fire  in- 
surance practice  by  facing  the  front  of  the  building  and  calling  the  side  on 
one's  left  hand  the  left  side,  and  the  other,  the  right  side.  In  consulting  maps 
and  diagrams,  this  same  rule  is  observed;  i.  e.,  the  map  of  a  building  should 
be  turned  so  that  the  observer  is  situated  as  if  he  were  facing  the  actual  build- 
ing in  the  street. 

WTien  the  address  of  a  building  is  given  according  to  the  street 
number  on  the  map  without  regard  to  that  on  the  building  itself, 
this  fact  should  be  indicated  by  putting  the  map  number  in  paren- 
thesis before  the  street  number;  for  example  (Map  No.)  646  Brown 
Avenue.       In  case  the  two  numbers  differ,  both  numbers  should 
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be  given,  the  building  number  coming  first,  followed  by  the  map 
number  in  parenthesis;  for  example,  648  (646  Map  No.)  Brown 
Avenue. 

When  the  location  cannot  be  obtained  from  the  building  or  the 
map,  it  should  be  described  according  to  the  site  or  plot  of  the  build- 
ing, giving  the  distance  from  the  comer  lot  line  of  the  nearest  cross 
street  or  avenue  to  the  nearest  lot  line  of  the  building.  The  side  of 
the  street  on  which  the  building  is  located  should  always  be  given; 
for  example,  N.  side  of  100  St.,  60  feet  W.  of  Tenth  Avenue. 

When  the  building  is  on  a  corner,  and  the  street  numbers  are 
not  available,  the  location  may  be  described  according  to  the  points 
of  the  compass;  for  example,  N.  W.  Cor.,  or  S.  E.  Cor.  of  Jones  St. 
and  Brown  Ave. 

WTien  a  risk  must  have  a  street  number  and  it  cannot  be  ob- 
tained in  any  other  way,  it  should  be  estimated  or  approximated, 
and  the  number  placed  in  parenthesis,  indicating  that  it  is  not  an 
established  number. 

Numeral  streets  preceded  by  North,  South,  East,  or  West  are 
to  be  distinguished  by  numerals  without  the  use  of  th,  d,  etc.,  as, 
for  example,  45  E.  4  St.,  or  107  W.  3  St.,  or  10  E.  1  St.  Numeral 
streets  without  any  word  between  the  building  number  and  the  name 
of  the  street  should  be  written  in  full,  as  167  First  Street,  or  289 
Second  Street. 

The  names  of  numeral  avenues  should  be  written  in  full;  for 
example,  75  Fifth  Avenue,  not  5th  Ave. 

Floor  Location.  In  describing  a  risk  it  is  very  important  that 
it  be  made  perfectly  clear  what  portion  of  a  building  is  occupied 
by  the  one  appl>dng  for  insurance  and  consequently  some  rather 
definite  rules  should  be  laid  down.  Of  course,  in  the  case  of  risks 
which  are  occupied  entirely  by  one  tenant,  i.e.,  a  single  insured, 
the  listing  of  the  different  floors  is  not  as  important  as  in  the  case  of 
omnibus  or  multiple-tenant  occupancies.  In  any  case,  however, 
all  of  the  floors  occupied  by  an  insured  should  be  explicitly  stated 
so  that  the  rater  or  underwriter  may  know  exactly  what  part  of  the 
building  or  premises  he  is  considering. 

In  describing  the  occupancy  of  an  omnibus  building  it  is  cus- 
tomary to  describe  each  floor  separately,  starting  with  the  first 
floor  and  then  proceeding  with  those  higher  up  in  regular  order. 
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In  case  the  basement  and  sub-basement  do  not  belong  to  the  tenant 
of  the  first  floor,  they  should  be  described  first.  If  a  tenant  occupies 
several  floors  not  in  consecutive  order,  it  is  better  to  describe  the 
entire  premises  occupied  by  this  tenant  in  one  group.  For  example, 
if  a  tenant  occupied  the  first,  third,  and  fifth  floors,  the  inspector 
should  describe  these  three  floors  before  considering  the  second  and 
fourth  floors.  The  advantage  of  this  method  lies  in  the  fact  that  all 
of  the  hazards  of  this  tenant  are  collected  into  a  single  description, 
thus  enabling  the  rater  or  underwTiter  to  consider  the  risk  to  better 
advantage. 

Where  a  tenant  occupies  only  a  part  of  a  floor,  this  fact  should 
be  carefully  noted  in  the  description  of  his  risk. 

(H'ing  to  lack  of  uniformity  in  the  construction  of  buildings, 
particularly  with  respect  to  the  height  of  the  first  floor  above  the 
sidewalk,  what  constitutes  first-floor  occupancy  is  very  often  an 
important  factor  in  insurance  rules  and  contracts.  Experience  has 
shown,  therefore,  that  a  competent  surveyor,  in  order  to  avoid 
dispute  as  to  which  is  the  first  floor  and  which  is  the  basement,  will 
adopt  rules  approximately  as  follows: 

(1)  First  Floor,  The  floor  which  is  on  a  level  vdth  the  side- 
walk or  grade  should  be  designated  the  first  floor  and  all  floors  should 
be  numbered  regularly  above  the  first.  In  case  no  floor  is  on  a  level 
\^ith  the  grade,  the  floor  shall  be  called  first  fioor  which  is  nearest 
the  grade,  up  or  down,  as  determined  by  the  lesser  number  of  steps 
to  ascend  or  descend  to  the  floor.  The  first  floor  is  very  often  spoken 
of  as  the  grade  floor, 

(2)  Basement.  Xo  very  definite  rules  can  be  given  for  designa- 
ting the  floors  below  the  first  floor  as  several  methods  are  followed, 
involving  the  use  of  the  terms  basevient  and  cellar.  If  either  word 
is  used  the  second  floor  below  grade  is  called  the  sub-basement  or 
sub-cellar.  The  number  of  floors  below  grade  is  seldom  greater 
than  four  and  hence  almost  all  needs  would  be  met  by  designating 
the  first  underground  floor  as  the  basement;  the  second,  the  sub- 
basement;  the  third,  the  cellar;  and  the  fourth  the  sub-cellar.  Per- 
haps the  most  logical  method,  particularly  for  buildings  having  more 
than  four  underground  floors,  is  to  call  them  basements  or  cellars 
and  number  them  first  basement,  second,  third,  etc.,  in  the  same 
manner  as  upper  floors. 
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The  following  abbreviations  in  floor  descriptions  are  pretty 
generally  employed;  for  basement,  B;  sub-basement,  S.  B;  cellar, 
C;  sub-cellar,  S.  C.  The  symbol  "-"  means  "  from  and  including, 
to  and  including,  and  everything  between";  for  example,  B-5  means 
the  occupancy  commencing  at  and  including  the  basement,  extend- 
ing through  and  including  the  first,  second,  third,  fourth,  and  fifth 
floors,  but  not  extending  beyond  the  ceiling  of  the  fifth  floor.  The 
symbol  "&"  for  the  word  and,  is  used  only  between  the  last  two  of 
the  series  of  floors  designated;  for  example,  B,  2  &  5,  or  1,  2,  4  &  5. 
When  the  occupancy  covers  only  a  part  of  a  floor  or  floors,  the  re- 
spective floor  numbers  should  be  enclosed  in  parentheses  and  this 
preceded  by  "pt.",  the  abbreviation  for  part;  a  few  examples  will 
make  this  clear: 

Method  of  designating  three  isolated  floors,  to  the  exclusion  of  all  others, 
B,  2  dc  5. 

Method  of  designating  one  isolated  and  two  consecutive  floors,  B,  2-3. 

Method  of  designating  two  consecutive  floors,  B-1. 

Method  of  designating  one  isolated  floor  and  a  consecutive  series  of  floors, 
B  &  2-5. 

Method  of  designating  a  scries  of  isolated  floors,  with  a  consecutive 
series  between,  1,  3,  5-7  &  9. 

Method  of  designating  a  partial  occupancy  of  the  basement,  pt.  B. 

Method  of  designating  a  partial  occupancy  of  the  basement  and  an  entire 
occupancy  of  the  first  floor,  pt.B  &  1. 

Method  of  designating  a  partial  occupancy  of  the  basement,  of  the  first, 
and  of  the  second  floors,  pt.(B-2). 

Occupancy.  The  use  that  is  made  of  a  building  generally  deter- 
mines the  occupancy  of  the  risk,  and  thb  may  be  either  business 
or  non-business  depending  upon  whether  the  building  is  used  for  the 
buying  and  selling  of  goods  and  the  manufacture  of  articles  to  be 
sold,  or  for  dwellings  and  places  of  amusement,  worship,  instruction, 
and  asylum.  Business  buildings  are  usually  subdivided  into  mercantile 
and  manufacturing  occupancies. 

Mercantile  Occupancy,  In  describing  the  occupancy  of  a  mer- 
cantile risk  which  is  supposed  to  have  only  a  stock  of  merchandise 
with  little  or  no  manufacturing  done  on  the  premises,  not  only  must 
the  nature  of  the  merchandise  be  clearly  stated  but  also  the  manner 
in  which  the  stock  is  handled,  viz,  wholesale,  retail,  sample  stock,  or 
storage:  if  any  combinations  of  these  four  methods  are  used,  this 
should  also  be  clearly  stated  in  the  report. 
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When  it  comes  to  the  condition  of  the  stocky  the  report  should 
state  whether  it  is  open  or  closed.  The  former  classification  evidently 
refers  to  the  condition  of  the  stock  in  an  ordinary  store,  where  the 
goods  may  be  spread  out  on  counters,  tables,  and  shelves,  or  hung 
on  hooks  and  racks,  with  a  portion  in  unbroken  or  original  packages. 

In  describing  a  closed  stock  the  kind  of  container  should  be 
noted,  I.  e.,  pasteboard  boxes,  wooden  boxes,  tin-lined  cases,  crates, 
barrels,  bottles',  packages,  or  any  container  that  represents  protection. 

Some  miscellaneous  specifications  to  be  noted  are  as  follows: 
Whether  the  stock  is  new  or  second  hand,  out  of  date,  shelf-worn, 
or  damaged;  whether  the  stock  is  kept  in  fireproof  safes  or  vaults; 
whether  the  stock  is  raised  above  the  floor  at  least  6  inches  on  skids, 
shelves,  racks,  or  counters;  whether  the  stock  is  in  waterproof  cases 
or  is  covered  with  tarpaulins  at  night;  whether  the  stock  is  a  mixed 
stock  and  the  proportion  of  each  different  kind. 

If  manufacturing  is  done  on  the  premises  in  connection  with 
what  is  supposed  to  be  a  strictly  mercantile  business,  the  manufac- 
turing operations  should  be  described  according  to  the  rules  for 
describing  manufacturing  occupancy. 

Manufacturing  Occupancy.  In  the  description  of  a  manufac- 
turing occupancy,  there  are  five  principal  things  to  be  stated,  viz, 
hands  or  Tvorking  people,  machinery,  manufacturing  heat,  mxiterials 
used,  and  special  processes. 

(1)  In  giving  the  number  of  hands,  the  maximum  and  minimum 
number— that  is,  the  number  employed  during  the  busy  and  dull 
seasons — should  be  stated;  the  number  of  working  people  engaged 
in  hazardous  processes  or  in  special  departments  should  also  be  given 
if  this  will  indicate  the  size  or  extent  of  the  special  operations. 

(2)  The  machines  used  should  be  described  as  to  number,  kind, 
and  source  of  motive  power,  the  latter  being  distinguished  as  me- 
chanical— that  is,  derived  from  an  engine  or  motor — or  as  hand 
power,  which  includes  machines  worked  by  hand  or  foot.  Occa- 
sionally, power  will  be  supplied  by  a  horse  or  mule.  If  the  me- 
chanical power  comes  from  individual  electric  motors  attached  to 
each  machine,  this  fact  should  be  noted. 

In  the  case  of  all  machines  an  oily  condition  is  to  be  expected, 
so  that  if  drip  pans  are  needed  to  prevent  unnecessary  distribution 
of  oil  the  fact  should  be  stated,  together  with  a  specific  reference 
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to  the  machines  which  need  the  drip  pans,  and  to  the  fact  that  the 
wooden  Aoor,  the  ceiling,  or  the  wooden  partitions  are  being  soaked 
with  oil.  In  the  case  of  wood-working,  and  other  machines  which 
produce  shavings,  dust,  or  particles,  the  presence  or  absence  of 
blowers  or  dust  collectors  should  be  stated  in  the  report. 

(3)  Manufacturing  heat,  or  fire  heat,  as  it  is  sometimes  called, 
includes  all  appliances  which  produce  heat,  flame,  or  fire,  exclusive 
of  those  which  are  used  for  the  heating  or  the  lighting  of  the  build- 
ing. These  appliances  should  be  described  as  to  number,  what  they 
are  used  for,  the  kind  of  fuel  burned,  and  how  each  appliance  is  set 
up,  especially  with  respect  to  the  pr6tection  given  to  surrounding 
woodwork  or  other  combustible  materials. 

If  the  appliances  are  of  the  nature  of  caul  boxes,  dry  rooms, 
japanning  ovens,  or  similar  boxes  or  enclosures  for  baking,  hot-air 
drying,  or  steaming,  their  number  and  size  should  be  given,  just  as 
with  other  appliances.  The  report  should  particularly  make  clear 
the  material  of  which  the  appliances  are  built;  the  mode  of  construc- 
tion such  as  the  supports  or  framing,  the  covering  laid  upon  the 
framing,  and  whether  the  covering  is  of  lock  jointed  tin;  the  method 
of  heating  the  boxes  or  enclosed  rooms;  whether  steam  pipes  are 
found  in  contact  with  wood,  or  smoke  pipes  are  close  to  or  in  con- 
tact with  wood;  and  the  method  of  carrying  off  the  heated  air — ^that 
is,  the  ventilation  of  the  boxes  by  nmning  smoke  pipes  or  vents. 

(4)  The  materixds  used  in  a  manufacturing  occupancy  should 
be  carefully  described,  because  when  they  are  dangerous,  fire-making 
substances,  they  are  sometimes  more  important  than  the  machinery 
or  other  parts  of  the  plant.  They  consist  of  the  raw  stock,  which 
is  the  basis  of  the  manufactured  article,  and  the  liquids  or  sub- 
stances which  are  kept  with  the  raw  material  or  are  used  in  treating 
it.  When  the  materials  used  consist  of  dangerous  substances,  the 
description  of  them  should  follow  these  general  lines: 

(a)  The  supply  of  the  material,  that  is,  the  amount  kept  on 
hand  in  excess  of  that  actually  being  worked;  the  place  where 
the  supply  is  kept;  and  the  container  or  method  of  keeping 
the  supply — ^if  the  supply  is  kept  in  a  special  room  or  vault, 
this  should  be  described  with  respect  to  its  location,  method 
of  construction,  the  materials  used  in  construction,  and  the 
door  arrangements  for  cutting  off  the  room. 
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(b)  The  amount  of  material  in  actual  use;  the  kind  and  size 
of  vessel  or  can  from  which  it  is  taken;  whether  this  vessel 
is  a  safety  can  and  a  description  of  any  defect,  if  the  can  is 
not  in  proper  working  onler. 

(c)  The  method  of  using  the  material ;  for  instance,  if  it  is  a 
volatile  liquid,  whether  it  is  used  by  dipping,  brush  work,  or 
in  open  vessels. 

(d)  In  case  there  is  an  exposed  gas  flame  near  the  place 
where  a  dangerous  substance  is  l)eing  used,  this  fact  should 
in  noted. 

(e)  In  describing  celluloid,  the  report  should  note  the  quan- 
tity carritKl;  the  amount  permitted  by  the  license;  the  size 
of  the  sheets ;  the  place  and  method  of  storage ;  the  method  of 
cutting;  and  the  use  that  is  made  of  the  material. 

(f)  In  the  case  of  excrlsior,  hay,  or  straw,  the  amount  baled 
should  be  state<l;  also  in  the  case  of  loose  packing  material, 
the  amount  present  on  the  premises,  the  maimer  of  keeping 
or  handling  it,  and  whether  it  is  kept  in  a  standard  bin  or 
room  or  in  a  non-standard  bin  or  n)om  should  be  given. 

(g)  Bituminous  or  soft  coal  should  be  described  according 
to  the  location,  the  amount  of  the  coal,  and  how  stored  or  piled. 

(5)  The  special  processes  or  hazards  of  a  manufacturing  occu- 
pancy, particularly  those  dealing  with  highly  volatile  or  expensive 
liquids  or  substances,  should  be  carefully  described  with  reference 
to  the  nature,  the  degree,  and  the  extent  of  the  hazard ;  the  method 
of  use  or  operation ;  and  the  place  where  the  oi)eration  is  carried  on, 
particularly  with  reference  to  whether  this  is  in  an  enclosed  or  cut-off 
room  or  floor,  or  whether  in  the  open  premises.  The  number  of  hands 
working  the  prcx^ess  is  also  important,  as  well  as  the  materials,  their 
quantities  stored  or  used,  and  the  appliances,  machines,  or  utensils 
which  are  a  part  of  the  operations. 

Faults  of  Management.  In  describing  the  faults  of  manage- 
ment of  a  risk,  the  plan  is  to  include  in  the  report  all  items  or  features 
which  will  show  whether  the  risk  is  under  management  which  tends 
to  prevent  fires,  or  under  indifferent  management  which  will  induce 
fires.  In  this  report  the  items  referring  to  the  building  proper  should 
be  carefully  distinguished  from  thovse  referring  to  the  tenants.  Fur- 
ther it  would  be  manifestly  unfair  to  report  unfavorably  certain 
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conditions  which  are  a  necessary  part  of  a  given  business  and  are, 
therefore,  not  a  fault.  After  stating  the  faults  of  management  of 
each  tenant  it  is  good  practice  to  collect  the  various  features  in  a 
summar}'  at  the  end  of  the  report. 

Considerable  latitude  must  be  given  as  to  what  a  fault  of  man- 
agement may  be,  the  construction  differing  considerably  in  different 
territories  and  with  different  companies  or  associations.  In  order 
that  the  student  or  the  inspector  may  have  a  nucleus  on  which  to 
build,  the  following  list  of  the  most  common  faults  is  given: 

Broken  plaster,  exposing  wood  laths. 
Sawdust  on  floor  or  in  cuspidors. 
Oil  sprinkling  of  floors. 
Stove  pipe  holes  uncovered. 
Broken  windows. 
Holes  in  floor  or  ceiling. 

Bottom  of  floor  openings  untidy  or  used  as  closets,  or  for  storage  purposes. 
Closets  used  to  store  old  clothes,  oil-soaked  rags,  oil  lamps  or  other 
objectionable  articles. 
Paper  ceiling. 

Rubbish,  particularly  in  yards,  cellars,  alleys,  basements,  vaults  and 
under  sidewalk  gratings. 
Wood  boxes,  packing  cases,  and  old  lumber. 
Ashes  on  floor  or  in  wood  boxes  or  barrels. 

Clippings,  cuttings,  and  sweepings  on  floor,  in  wood  boxes,  or  barrels. 
Oil  soaked  filings  in  quantity,  cotton  waste,  oil  soaked  rags,  or  any 
material  for  wiping,  rubbing,  polishing,  or  for  other  uses  which  result  in 
absorption  of  hazardous  chemicals,  when  not  kept  in  standard  self- 
closing  waste  cans. 

Crowded  stock;  aisles  less  than  3  feet  wide  and  not  leading  to  windows; 
stock  piled  to  ceiling;  windows  blocked  with  goods,  obstructing  or  pre- 
venting entrance  of  firemen. 

Construction.  In  describing  the  construction  of  a  building,  the 
building  is  treated  as  if  it  were  entirely  empty,  no  attention  being 
paid  to  the  furniture  or  other  goods  which  may  be  found  therein. 
The  various  construction  features  can  be  treated  in  almost  any  order 
desired,  i.  e.,  in  a  haphazard  fashion,  in  the  order  established  by  the 
report  blanks,  or  from  roof  to  cellar — as  is  often  done  because  it 
happens  to  be  the  order  in  which  Fire  Insurance  inspections  are 
usually  conducted. 

A  more  logical  method,  however,  seems  to  be  to  follow  the  order 
established  in  erecting  the  building,  viz,  foundations;  walls;  flooT 
construction;  roof;  roof  features  such  as  cornices,  skylights,  etc.; 
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vertical  or  floor  openings;  heaty  light,  and  power;  and  finally  the  fire 
protection  features.  This  order  will  be  followed  in  this  work  but  before 
taking  up  the  separate  features,  two  items  should  be  recorded,  viz, 
the  height  and  the  area. 

Height.  The  first  step  is  to  state  clearly  the  height  of  the  main 
building  and  of  any  extensions  which  may  have  been  added,  stating 
the  height  in  two  ways,  viz,  in  stories  and  in  feet. 

A  horizontal  diWsion  of  a  building  is  called  in  different  parts 
of  the  world  and  in  different  lines  of  business  a  story,  a  Hoor,  or 
a  loft,  and  misunderstandings  frequently  occur,  not  only  because  of 
this  variance  of  names  but  also  because  of  the  confusion  in  designating 
the  fioors,  attention  to  which  has  already  been  called  under  the  sub- 
ject  of  "fioor  location/'  In  addition  to  the  several  methods  of  label- 
ing floors  previously  stated,  the  method  of  calling  the  street  fioor 
the  grade  fioor  and  the  one  above  it  the  first,  might  be  mentioned. 
Again  there  may  often  be  found  between  two  ordinary*  floors  a  gallerj", 
sometimes  called  a  viezzanine,  a  deck  floor,  or  a  half  floor;  such  a  fioor 
is  introduced  when  one  fioor  is  about  one  and  one-half  times  the 
height  of  a  regular  fioor,  and  really  consists  of  an  elevated  platform 
running  around  the  four  walls  of  the  building  and  extending  out 
about  one-third  the  width  of  a  fioor.  Sometimes  it  is  extended  across 
the  end  of  the  building  like  a  stage.  These  various  forms  of  half- 
fioors  are  not  usually  counted  as  full  fioors,  but  a  notation  is  made  in 
the  report,  calling  attention  to  them  in  order  to  prevent  any  mis- 
understanding. The  underground  fioors,  as  well  as  the  attics  or 
garrets,  should  always  be  stated  in  giving  the  height  of  a  building  in 
stories. 

The  methods  of  determining  the  height  of  a  building  in  feet 
is  subject  to  some  variation  but  a  good  rule  to  follow  has  been  given 
by  the  National  Board  of  Fire  UnderwTiters  in  their  Model  Building 
Code. 

The  height  of  a  building  having  a  flat  roof  is  measured  from  the  curb 
level  at  the  center  of  the  front  of  the  building  to  the  top  of  the  highest  point 
of  the  roof  beams;  in  the  case  of  high-pitched  roof,  the  average  of  the  height 
of  the  gable  shall  be  taken  as  the  highest  point  of  the  building. 

The  height  of  the  building  in  feet  should  be  stated  wherever  possible. 

Area.    The  area  of  a  building  is  usually  given,  not  in  square 

feet,  but  in  terms  of  the  horizontal  dimensions  expressed  in  linear 
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feet.  In  case  the  building  has  three  frontages  or  dimensions,  the 
usual  practice  is  to  give  the  front  dimension  first,  the  longest  side 
second,  and  the  remaining  side  third;  this  is  not  always  a  good  method, 
especially  with  buildings  shaped  like  the  letters  L,  T,  or  H,  in  which 
case  the  dimensions  of  each  section  should  be  given  separately.  In 
any  event,  the  dimensions  of  all  additions  or  extensions  should  be 
clearly  distinguished  from  the  dimensions  of  the  main  building. 
The  length  of  a  building  is  its  greatest  horizontal  dimension,  and  its 
width,  the  next  smaller  dimension. 

Foundations.  A  description  of  the  foundation  of  a  building 
would  naturally  include  some  description  of  the  nature  of  the  soil 
on  which  it  rests,  wherever  such  information  is  obtainable.  Regard- 
ing the  foundations  themselves,  the  description  should  include  the 
kind  of  stone;  the  composition  of  the  mortar  used;  how  the  under- 
ground floors,  if  any,  and  the  foundation  walls  are  made  waterproof; 
and  the  presence  or  absence  of  sewer  connections  and  their  methods 
of  arrangement. 

Piers.  Where  the  foundations  include  or  consist  of  piers,  the 
description  should  state  the  material  composing  them — that  is,  brick, 
stone,  or  concrete;  their  dimensions;  what  members  of  the  super- 
structure the  piers  support;  the  details  of  the  bond  stones  and  cap 
stones,  and  whether  these  stones  have  any  protection  against  fire. 

Walls.  As  the  walls  of  a  building  are  the  principal  factor  in 
determining  the  class  of  the  structure,  a  description  of  the  walls  is 
in  some  respects  the  most  important  thing  in  a  construction  report. 

In  describing  a  tvood  or  frame  buUdiny,  it  is  not  the  usual  practice 
to  give  details  of  the  walls  if  they  are  the  customary  wood-framed 
walls  covered  with  boards — what  might  be  called  the  standard  wood 
wall ;  only  the  variations  or  departures  from  this  standard  are  specified. 
For  example,  if  the  framing  or  skeleton  of  the  wood  wall  is  of  iron, 
the  wall  is  described  as  a  wood  wall  with  iron  framing;  if  the  wood 
wall  is  filled  in  with  brick,  it  is  described  as  brick-filled  or  brick- 
nogged. 

In  describing  an  iron  building  it  should  be  stated  whether  the 
framing  or  skeletuii  </!  i'  o  walls  is  of  iron  or.  wood.  Iron  buildings 
are  usually  covered  with  corrugated  or  other  form  of  sheet  iron. 

In  describing  stone  buildings,  distinction  must  be  made  between 
a  real  stone  building  and  one  with  only  a  stone  front.    If  the  walls 
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are  really  of  brick  with  a  facing  or  veneering  of  stone,  the  walls  are 
considered  brick  walls  with  stone  fronts.  The  same  distinction 
applies  to  iron  fronts  in  connection  with  brick  buildings  and  the 
report  should  state  on  which  side  or  sides  of  a  building  they  are; 
whether  they  are  filled  in  or  backed  up  ^iith  brick  or  other  material, 
or  simply  closed  ^'ith  boards;  and  also  if  they  are  continuous  with 
the  iron  fronts  of  adjoining  buildings. 

In  describing  the  brick  walls  of  the  ordinary  brick  building, 
distinction  should  be  made  between  bearing  walls,  non-bearing  wails, 
and  division  or  interior  walls.  In  the  case  of  bearing  walls,  it  should 
be  made  clear  which  walls  of  the  building  are  bearing  walls;  whether 
they  are  independent  or  party  walls;  and  their  thickness  by  floors. 
The  same  is  true  of  non-bearing  walls,  except  that  these  are  rarely 
found  to  be  part  of  an  adjoining  building,  so  that  it  is  usually  un- 
necessary to  state  whether  they  are  independent  or  party  walls. 
In  the  case  of  division  or  interior  walls  of  a  building,  the  report  should 
give  the  number  of  such  walls;  how  they  divide  or  separate  the  build- 
ing; a  description  of  each  wall,  except  where  they  are  identical;  on 
which  floors  each  wall  exists;  how  it  di\ndes  the  building;  whether 
it  has  a  parapet;  and  whether  there  are  openings  in  the  wall,  and 
how  they  are  protected  or  cut  off. 

Parapet.  The  description  of  a  parapet  or  fire  icall,  as  it  is  some- 
times called,  should  state  on  which  sides  of  the  building  it  exists; 
its  height,  its  thickness,  and  the  kind  of  coping  and  mortar  used. 

Stone  in  Walls.  In  the  case  of  many  brick  walls,  considerable 
stone  will  be  found  either  as  facing  or  as  trimming  or  decoration. 
A  description  of  this  feature,  when  desirable  or  necessary  should 
state  on  which  walls  and  on  which  floors  the  facing  stone — generally 
called  ashler — is  present,  the  kind  of  stone  composing  it,  and  the 
thickness  of  the  stone.  In  the  case  of  stone  trimmings  in  brick 
walls,  which  usually  consist  of  window  sills,  window  lintels,  or 
decorative  courses  or  borders,  the  kind  of  stone  is  the  only  descripn 
tion  necessary. 

Chimneys.  The  description  of  chimneys  should  include  their 
number,  the  use  made  of  them,  the  thickness  of  the  walls,  and  the 
lining  if  any;  attention  should  also  be  called  to  any  departure  from 
or  failure  to  conform  with  the  building  laws  which  may  be  in  force. 

Fireproof  or  Fire- Resistant  Floors.     The  description  of  the  fire- 
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resistant  floors,  except  where  an  entire  building  has  the  same  con- 
struction, should  specify  which  floors  are  of  this  construction,  the 
width  of  the  span  or  arch,  the  type  of  construction,  and  the  materials 
used  in  making  the  arch.  Fire-resistant  floor  construction  has 
developed  to  such  an  extent  that  certain  standard  types  have  become 
recognized  and  are  known  by  the  names  of  the  manufacturers  or 
construction  companies  which  have  been  instrumental  in  their  de- 
velopment. The  description  of  these  well-known  types  by  name  only 
is  usually  suflScient.  The  nature  of  the  floor  surface  used  in  this  type 
of  construction  is  a  separate  detail,  but  if  an  air  space  exists  between 
the  fire-resistant  construction  proper  and  the  floor  boards,  this  fact 
should  be  stated,  as  well  as  the  depth  of  the  air  space.  If  the  air  space 
has  been  practically  done  away  with  by  filling  in,  the  material 
composing  the  filling,  and  the  fact  that  it  has  been  well  or  badly 
done,  should  be  stated. 

FiUed'in  Floors,  Filled-in  floors  are  a  form  of  semi-fire-resistant 
construction  found  in  connection  with  wood  beams,  popularly  called 
"deafening";  the  space  between  the  wood  beams  is  filled  in  with 
blocks,  concrete,  mineral  wool,  or  some  other  non-combustible  ma- 
terial. The  description  of  such  a  floor  should  state  where  it  is  to  be 
found,  the  material  used,  and  the  thoroughness  with  which  it  has 
been  done. 

Flooring.  The  description  of  the  flooring  or  floor  boards  should 
be  given  for  each  story,  unless  the  flooring  throughout  the  building 
is  uniform.  The  material  composing  the  flooring  should  be  stated; 
the  thickness;  whether  there  is  waterproofing  or  fireproofing  under 
or  between  the  floor  boards;  what  this  consists  of;  whether  surface  of 
the  flooring  is  waterproof,  and  if  so,  whether  the  floor  is  inclined  so 
as  to  drain  the  water;  and  whether  there  are  scuppers  or  outlets  for 
the  water  to  pass  out  of  the  building. 

Beams.  The  description  of  wood  beams  should  specify  by  floors 
— including  the  roof — ^the  size  or  dimensions  of  the  beams;  the  span 
or  length ;  the  spacing  on  centers,  or  the  distance  from  beam  to  beam ; 
the  material  composing  the  beams;  whether  they  are  bridged  or 
not;  and  whether  they  are  self-releasing  or  not. 

Steel  beams  are  usually  described  in  connection  with  the  con- 
struction of  fire-resistant  floors,  but  where  it  is  thought  desirable 
they  may  be  described  separately.    Steel  beams  are  now  so  standard- 
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ized  that  they  may  be  described  according  to  the  formulas  of  the 
steel  companies.  It  is  usually  sufficient  to  give  the  weight  of  the  beam 
in  pounds,  and  the  size  in  inches. 

Girders.  The  description  of  wood  girderb  is  practically  the  same 
as  of  wood  beams,  with  the  addition  of  two  features,  viz,  whether 
girders  which  come  end  to  end  are  tied  or  jointed  together  by  metal 
straps  and  whether  girders  which  enter  and  rest  upon  brick  walls, 
rest  upon  special  bearings  or  templates. 

The  description  of  steel  girders  should  be  kept  separate  from 
the  description  of  steel  beams,  for  the  latter  are  usually  a  part  of 
the  floor-construction  arch.  The  girders  require  a  special  descrip- 
tion, particularly  regarding  their  fireproof  protection,  and  this  shouU 
be  fully  described  as  to  the  material  used  and  how  it  is  placed  upon 
the  girders.  One  form  of  protection  that  should  be  noted  is  the 
hanging  ceiling. 

Columns.  The  description  of  wood  columns  should  specify  by 
floors  the  number  of  rows,  the  size,  the  spacing  from  column  to 
column,  the  dimensions  of  the  bays,  the  material  or  kind  of  wood 
composing  the  column,  its  shape,  the  use  of  a  cap  and  base  plate, 
and  the  presence  or  absentee  of  superimposing  or  continuous  posting. 

The  description  of  metal  columns  should  specify  whether  they 
are  of  cast  iron,  \\Tought  iron,  or  steel,  and  whether  the  columns  are 
in  the  walls  or  in  the  interior  of  the  building.  The  fireproofing  erf 
the  columns  should  be  described  as  to  the  material  used,  the  method 
of  applying  it,  and  the  presence  or  absence  of  an  air  space,  and  it 
should  be  established  whether  the  column  pn)tection  has  been  broken 
into  by  running  pipes  between  the  column  proper  and  the  column 
,  protection. 

Roof.  The  description  of  a  roof  should  state  any  departure 
from  the  simplest  type,  known  as  the  flat  roof.  High-pitched  rooii 
have  various  names,  such  as  peaked  roof  and  gable  roof.  Hie 
framing  or  skeleton  of  the  roof,  unless  already  treated  under  floor 
construction,  should  be  described,  as  well  as  the  materials  used  for 
covering  the  framing — usually  boards.  In  regard  to  the  weather 
protection  or  waterproofing  of  the  roof,  it  should  be  made  dear 
under  which  one  of  the  standard  types  the  roof  belongs,  viz,  tar 
roof,  tar  and  gravel  roof,  tile  roof,  slate  roof,  plastic  slate  roof,  metal 
roof,  or  shingle  roof. 
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If  the  roof  is  a  mansard  roof — or  floor,  as  it  really  is — the  report 
should  state  on  which  side  of  the  building  it  occurs,  the  kind  of 
framing — wood  or  iron — and  the  kind  of  covering. 

All  roof  structures  should  also  be  described  stating  number, 
sizes,  and  how  they  are  constructed  if  they  differ  from  the  general 
construction  of  the  building.  The  term  roof  structure  includes  cupolas, 
dormers,  towers  or  steeples,  tank  houses,  and  other  superstructures 
of  various  kinds,  which  really  add  to  the  height  of  the  building  by 
making  an  additional  floor  or  part  of  a  floor. 

References  should  also  be  made  to  the  open  space  between  the 
boarding  of  the  roof  and  the  ceiling  of  the  top  floor,  usually  made  as 
a  result  of  pitching  the  roof  and  called  roof  space,  hanging  ceiling, 
blind  attic,  or  cock  hft.  The  description  should  include  the  average 
height  in  feet,  the  amount  of  space,  and  particularly  whether  there 
is  a  shaft  or  opening  into  it  which  connects  the  roof  space  with  the 
rest  of  the  building. 

Cornice.  The  description  of  a  cornice  should  state  whether  it  is 
open  or  boxed;  the  material  of  which  it  is  made;  whether  the  cornice 
is  open  to  the  roof  space,  or  whether  it  is  built  entirely  outside  the 
front  wall — in  this  latter  case  it  makes  no  hazard,  because  it  is  en- 
tirely cut  off — ^and  whether  it  is  continuous  with  the  cornices  of  other 
buildings  and  with  what  building  it  is  so  connected. 

Skylights.  The  description  of  skylights  should  specify  their 
location,  type,  frame,  glass,  and  screen. 

In  giving  the  location  of  a  skylight,  the  report  should  specify 
whether  it  is  on  the  main  building,  on  an  extension,  on  an  addition, 
or  over  a  floor  opening;  in  the  latter  case,  the  kind  of  floor  opening 
should  be  specified. 

The  types  of  skj'light  include  the  common  flat  skylight  and  the 
raised  skylight  with  glass  in  both  sides  and  top;  this  latter  type 
includes  the  box  sk^'light,  the  lantern  skylight,  and  the  Texas  or 
long  monitor  skylight.  A  special  type  is  the  studio  skylight,  which 
is  really  more  like  a  large  window. 

It  should  be  specified  whether  the  fram£  of  the  skylight,  into 
which  the  panes  of  glass  are  set,  is  wood  or  metal. 

The  description  of  the  glass  in  sk>'lights  should  specify  the 
thickness,  the  kind  of  glass  used,  and  the  size  of  the  panes  if  they  are 
of  large  dimensions. 
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A  description  of  the  screen  used  in  connection  with  skylight 
applies  only  to  the  screen  on  the  outside  of  the  skylight  and  should 
include  the  gauge  number  of  the  wire,  the  size  of  the  mesh,  the  dis- 
tance the  screen  is  raised  above  the  skylight,  the  distance  it  extends 
beyond  the  width  or  length  of  the  skylight,  and  the  method  of  sup- 
porting the  screen,  i.  e.,  how  the  screen  is  attached  to  the  brackets 
or  supports  and  how  these  supports  are  attached  to  the  skylight 
frame. 

The  description  of  skylights  may  be  considerably  shortened  by 
the  use  of  a  fixed  order  for  the  items,  with  certain  variations  to  suit 
the  different  frames  of  skylights.  A  few  examples  will  show  the 
method,  the  specification  for  each  item  being,  in  actual  practice, 
put  in  place  of  the  name  of  the  item. 

Common  Skylight.  Location  X  number  and  type  X  material  X  size  X 
thickness  and  kind  of  glass. 

Monitor  Skylight.  Location  X  number  and  type  X  material  X  size  X 
thickness  and  kind  of  glass  on  top  X  thickness  and  kind  of  glass  on  sides  (or 
louvres) . 

Skylight  with  Screen.  Location,  number  and  type,  material,  size,  thick- 
ness and  kind  of  glass;  location  of  screen  and  frame  and  how  bolted;  size  of 
mesh  of  wire,  distance  above  glass,  distance  beyond  glass  on  sides. 

Partitions.  Partitions  should  be  specified  by  floors  unless  they 
are  uniform  throughout  the  building.  The  report  should  state  the 
framework  of  the  partitions,  the  width  or  thickness,  the  kind  of 
material  composing  the  frame  or  studding,  the  kind  of  lathing,  and 
the  material  composing  it.  If  the  partitions  are  built  of  some  form 
of  fire-resistant  material,  the  report  should  specify  the  size  or 
thickness  of  the  material  as  well  as  the  method  of  erecting  the  par- 
titions, particularly  with  reference  to  the  use  of  wood  supports  or 
frames. 

Finish.  The  description  of  the  finish  of  a  building  should  dis- 
tinguish between  the  finish  on  the  walls  and  the  finish  on  the  ceiling. 
If  the  inside  surface  of  the  walls  is  left  untouched,  this  is  caUed 
open  finish.  If  the  brick  surface  is  covered  in  any  way,  the  report 
should  state  the  fact,  the  material  used,  and  the  method  of  attach- 
ing it,  particularly  with  respect  to  an  air  space  between  the  surface 
of  the  brick  wall  and  the  surface  of  the  covering,  called  furring. 
The  description  should  state  clearly  which  walls  have  furring,  and 
whether  the  air  space  is  fire-stopped  at  the  different  floor  levels. 
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The  description  of  the  finish  on  the  ceiling  is  the  same  as  for 
the  finish  on  the  side  walls,  except  that  the  question  of  the  air  space 
does  not  arise  unless  the  ceiling  is  a  hanging  ceiling,  that  is,  not 
attached  directly  to  the  bottom  of  the  beams  or  floor  construction 
proper,  but  suspended  some  distance  below  this  by  means  of  rods  or 
hangers. 

Fire  Escapes,  The  description  of  the  fire  escape  should  cover 
its  use  by  the  fire  department  as  a  means  of  entrance  to  a  building, 
and  as  a  vantage  point  from  which  to  fight  a  fire.  The  report  on  a 
building  should  state  the  number  and  type  of  fire  escapes,  on  which 
sides  of  a  building  they  are,  and  the  floors  reached  by  them. 

Floor  Openings.  The  description  of  floor  openings  should  be 
without  exception  the  most  complete  and  most  detailed  of  any  item 
of  construction.  The  description  should  give  the  number  of  floor 
openings;  their  location  in  the  building;  the  floors  to  or  from  which 
they  extend  or  which  they  pierce;  their  uses  and  forms,  such  as 
shafts,  enclosures,  doorways,  windows,  and  other  openings  in  the  shaft 
walls;  cut-offs  or  fire  stops  in  place  at  these  openings;  the  presence 
of  a  bulk-head  or  other  terminus  of  the  shaft  at  the  roof;  and  anv 
other  item  or  detail  that  would  play  a  part  with  fire  entering  or 
traveling  through  the  shaft  from  floor  to  floor. 

The  description  of  the  shaft  should  state  whether  it  is  open  or 
enclosed,  and  if  enclosed,  details  should  be  given  of  the  manner  in 
which  this  is  done — that  is,  by  walls  or  partitions  built  close  around 
the  opening  or  by  partitions  or  walls  at  some  distance  from  the 
shaft,  making  a  hall  or  room.  The  description  of  the  shaft  walls 
or  the  enclosing  walls  should  state  the  materials  used  and  the 
method  of  construction.  The  cut-offs  or  fire  stops  at  the  openings 
in  the  shaft  enclosures  should  be  described  according  to  the  mate- 
rial, the  construction,  and  the  method  of  operation.  Thb  usu- 
ally applies  to  doors  and  window  frames. 

The  descriptions  just  given  apply  to  all  floor  openings,  but  in 
addition  each  type  of  floor  opening  has  one  or  more  separate  features 
that  should  be  described.  In  describing  several  floor  openings  of 
the  same  type,  the  best  results  will  be  obtained  by  first  stating  the 
number  of  such  floor  openings,  and  then  giving  a  detailed  descrip- 
tion, giving  each  a  letter  to  identify  the  floor  opening. 

The  description  of  a  stairway  in  addition  to  the  general  descriptive 
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items  of  a  floor  opening  should  give  details  of*  the  stairs  proper, 
that  is,  whether  the  material  of  the  stairs  is  wood,  stone,  or  iron; 
the  framing  of  the  stairs ;  whether  the  treads  are  of  stone;  and  whether 
there  are  iron  plates  under  the  treads  and  the  landings. 

The  particular  description  of  an  elevator  should  include  details 
of  the  cable  opening  into  the  power  room,  the  location  of  the  power, 
the  kind  and  source  of  power,  the  size  of  the  room,  and  the  method  of 
cutting  it  off  from  the  rest  of  the  floor  or  the  building.  If  the  elevator 
guides  are  of  wood,  this  fact  should  be  noted,  as  well  as  the  presence 
of  vdresy  cables,  or  other  combustible  materials  in  the  shaft  way. 
Elevator  doors,  particularly  the  front  or  entrance  doors,  in  the  case 
of  office  and  residence  buildings,  are  frequently  iron  doors  made 
after  the  pattern  of  a  gate  and  called  a  grille  door. 

The  particular  description  of  light  or  ventilating  shafts  requires 
details  of  the  cut-offs  at  window  openings,  which  are  different  from 
the  cut-offs  in  other  shafts.  WTienever  there  are  fixed  shutters  or 
lou\Tes,  the  report  should  state  the  material  of  the  lou\Tes,  the 
method  of  attaching  them  to  the  framework,  and  the  method  of 
attaching  this  framework  to  the  walls  of  the  shaft,  that  is,  whether 
soldered  or  riveted. 

The  particular  description  of  a  hoist,  hatchway,  or  wellhole 
covers  the  presence  of  cut-offs  at  the  floor  levels  in  the  form  of 
traps;  the  descriptions  should  specify  the  presence  of  the  traps 
by  floors  and  the  method  of  operation.  If  hand-closed,  the  report 
should  state  whether  closed  nightly;  if  self-closing,  the  report  should 
state  the  material  composing  the  traps,  the  location  of  the  fusible 
link,  the  presence  of  weight,  pulley,  and  vertical  backstop.  In 
case  of  a  wellhole,  the  area  should  be  given. 

The  particular  description  of  belt  holes  should  give  the  size  of 
openings,  whether  the  belt  holes  are  boxed  or  curbed,  and  the  de- 
tails as  to  material  and  arrangement. 

The  particular  description  of  floor  lights  should  describe  the 
frame  and  state  the  thickness  of  the  glass. 

The  particular  description  of  chutes  should  specify  the  use  made 
of  them. 

The  particular  description  of  channels  or  chases  in  walls  should 
specify  the  presence  of  fire  stops  at  the  floor  levels,  the  material 
used,  and  the  method  of  arrangement. 
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Fire  Protection.  Fire  Pails.  The  description  of  a  fire  pail  equip- 
ment should  state  the  number  of  pails  on  each  floor,  or  on  each  other 
division  of  the  risk,  the  material  of  the  pails,  their  capacity,  color, 
lettering,  shape,  method  of  setting,  distribution,  location,  care,  and 
supervision.  If  sand  pails  are  installed  instead  of  water  pails,  their 
number  and  their  location  should  be  given.  Precautions  against 
freezing  should  be  noted,  as  weD  as  the  substitution  for  ordinary 
pails  of  patent  bucket  tanks,  casks,^or  barrels  of  water  and  patent 
fire  pails.  It  should  be  stated  whether  the  employes  or  occupants 
have  a  knowledge  of  or  practice  in  the  use  of  pails. 

Chemical  Extinguishers.  The  description  of  chemical  extin- 
guishers should  state  the  number  of  extinguishers  by  floors  or  other 
divisions  of  a  risk,  the  type  of  extinguisher,  the  manufacturer's  title, 
the  presence  of  the  Underwriters'  Laboratory  inspection  label,  the 
method  of  setting,  the  location  and  maintenance,  including  the  pre- 
cautions against  freezing.  If  the  employes  or  occupants  have  any 
knowledge  of  or  practice  in  the  use  of  extinguishers,  this  should  be 
noted. 

Standpipe  System.  The  description  of  a  standpipe  system  should 
give  the  number  of  standpipes  or  risers,  their  diameter,  location, 
the  presence  of  an  outside  fire  department  connection,  whether 
there  is  such  a  connection  to  each  riser,  whether  the  different  risers 
are  cross-connected  and  where.  The  details  of  the  fire  department 
Siamese  connection  should  include  the  size  of  the  coupling,  the 
setting  of  the  Siamese,  the  presence  of  check  valves  in  it,  the  dimen- 
sions of  the  feed  line  from  the  Siamese  connection  to  the  riser,  as 
well  as  the  presence  of  a  drip  or  tap  valve  and  a  check  valve  pointed 
against  the  direction  of  flow  from  the  riser. 

If  the  standpipe  system  is  a  wet  system,  the  source  of  water 
supply  should  be  described.  If  the  source  is  a  tank,  the  report 
should  state  its  location;  whether  it  is  a  gravity  or  a  pressure  tank; 
its  construction,  its  capacity,  and  the  material  of  which  it  is  made. 
The  distance  from  the  bottom  of  the  tank  to  the  highest  hose  con- 
nection— excepting  a  roof  connection — should  be  given,  together 
with  the  diameter  of  the  horizontal  feed  line  from  the  tank  to  the 
riser,  the  presence  of  a  gate  valve,  and  a  check  valve  properly  pointed 
against  the  riser. 

The  description  of  the  tank  should  further  state  the  presence 
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of  an  indicator  or  tell-tale  to  measure  the  contents,  whether  the  tank 
is  filled  by  a  separate  filling  line  or  by  the  use  of  the  riser,  and  whether 
the  tank  is  used  exclusively  for  fire  purposes,  or  also  for  domestic 
purposes.  If  the  standpipe  system  is  supplied  by  a  pump,  the  details 
of  the  pump  should  be  given. 

The  hose  connected  to  the  standpipe  should  be  described  by 
floors,  specifying  the  number  of  hose  connections,  the  length  of  hose, 
kind  and  manufacturer's  brand;  the  play  pipe  or  nozzle  that  is  at- 
tached, the  size  of  it  and  the  presence  of  \iTenches  should  also  be 
stated. 

The  construction  and  installation  of  the  piping  should  be 
described  with  respect  to  the  pipe  material,  the  method  of  suspend- 
ing or  supporting  it,  the  character  of  the  fittings,  and  the  running 
of  the  lines. 

Perforated  Pijye  Sprinklers.  The  description  of  perforated  pipe 
sprinklers  should  state  on  what  floors  or  parts  of  the  premises  they 
are  installed;  what  sections  of  the  building  each  separate  equipment 
covers;  the  material  and  diameter  of  the  pipes;  the  size,  spacing, 
and  distribution  of  the  holes  or  perforators;  whether  the  holes  are 
punched  or  drilled;  the  method  of  hanging  the  pipes;  and  the  spac- 
ing or  number  of  runs  of  piping.  The  dimensions  of  the  feed  pipe 
and  the  fire  department  connection  should  be  stated  the  same  as  for 
the  standpipe  system. 

Watchman  and  Clock.  There  are  three  systems  of  inspecticm 
bv  watchman  and  clock  in  use,  and  the  items  which  should  be  in- 
eluded  in  the  description  of  each  are  given  as  follows: 

(1)  The  description  of  the  central-office  or  central-station  sys- 
tem should  include  the  building  containing  the  office,  the  instru- 
ments for  receiving  and  recording  the  signals,  the  arrangements 
for  transmitting  these  signals  to  the  fire  department,  the  operation 
of  the  instruments  with  reference  to  the  interference  of  signals  and 
the  registering  of  trouble  signals,  the  material  of  the  circuits,  the 
method  of  providing  a  return  circuit,  the  number  of  boxes  on  a  circuit, 
and  the  number  of  watchmen  reporting  on  a  single  circuit.  The 
signals  in  use  should  be  described  with  respect  to  the  difference  be- 
tween ordinary  watch  signals  and  fire  signals;  the  watch  boxes  and 
their  mechanism  should  be  described  with  respect  to  standard  speci- 
fications. 
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(2)  Local  or  private  stationary  systems  should  be  described  by 
giving  the  time  of  rewinding  the  clock,  the  method  of  observing  the 
record  dials  and  of  making  the  record  when  the  clock  is  opened. 
The  mechanism  used  at  the  stations  for  operating  the  clock  should 
be  described,  and  if  there  are  magnetos,  details  should  be  given. 

(3)  The  portable  watch  clocks  should  be  described  by  giving 
the  time  for  rewinding,  the  mounting,  the  casing,  and  the  method 
of  protecting  the  record  dial  against  tampering.  The  manner  of 
making  the  records  on  the  paper  and  their  legibility  in  each  case 
should  be  stated. 

For  all  systems  the  following  features  should  be  included  in  a 
report  or  description:  The  time  of  service;  the  patrol  periods;  the 
number  and  location  of  the  stations;  the  wiring;  the  keeping  of  the 
records;  the  lantern  used  by  the  watchman;  the  oil  burned  by  the 
lantern;  and  the  supervision  of  the  performance  of  duty  by  the 
watchman. 

Aatomatic  Sprinkling  Equipment.  The  description  of  an  auto- 
matic sprinkler  equipment  should  cover  the  following  items: 
mechanical  equipment,  water  supply,  alarm  service,  fire  control,  main- 
tenance, and  non-protection. 

Mechanical  Equipment.  The  description  of  mechanical  equip- 
ment should  include  the  following  details: 

(1)  The  piping  covers  the  number,  size,  and  location  of  feed 
Hnes  or  risers;  the  spacing  and  sizes  of  the  piping  in  the  distribution 
Unes  from  the  supply  risers;  and  the  methods  of  the  installation  in 
hanging  or  supporting  the  pipes. 

(2)  The  heads  or  sprinklers  proper  cover  the  type,  the  number 
on  the  various  pipes,  the  position  of  the  sprinklers,  and  their  con- 
dition. 

(3)  The  vakes  and  fittings  cover  the  type  of  valves  used  at 
the  connections  to  water  supply,  the  location  of  the  various  valves, 
and  the  protection  to  valves  or  the  precautions  taken  to  insure  their 
operation. 

Water  Supply.  The  description  of  the  water  supply  for  the  sprink- 
ler equipment  should  mention  the  sources  of  supply;  their  number 
and  whether  they  are  independent;  the  capacity  of  the  supply;  and 
the  existing  pressures  in  the  systems.  The  different  types  of  source 
of  supply  should  be  described  as  follows: 
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(1)  If  a  pyblic  water  toorks  system,  the  static  pressure  at  the 
highest  Une  of  sprinklers,  the  size  of  the  mains,  and  the  presence  of 
a  meter  or  pressure-regulating  valve  should  be  given. 

(2)  If  a  pressure  tank,  the  number  of  tanks,  the  capacity  of 
each,  the  location,  the  use  of  the  supply  from  the  tank,  the  proportion 
of  water,  the  air  pressure  maintained,  the  presence  of  gauges,  the 
arrangement  for  filling  the  tank,  the  type  of  air  compressor  used, 
the  provision  for  draining  the  tank,  and  the  construction  and  sup- 
ports of  the  tank  should  be  stated. 

(3)  If  a  gravity  tank,  the  number  of  tanks  and  their  capacity, 
the  location,  the  elevation  of  the  bottom  of  the  tank,  the  kind  of 
hoops  and  the  material  used  in  their  construction,  the  arrangement 
for  filling  the  tank,  the  use  of  the  water  as  a  supply,  and  the  pres- 
ence of  an  indicator,  overflow,  and  independent  drain  should  be 
stated.  In  addition,  the  connection  of  the  discharge  pipe  from  the 
tank  to  the  sprinkler  system  and  the  precautions  taken  against  the 
water  freezing  should  be  described. 

(4)  If  a  pump,  the  description  should  include  the  kind  of  pump, 
its  capacity  and  location,  the  suction  and  water  supply,  and  the 
source  of  power. 

(5)  If  a  steamer  connection  for  fire  department  engines,  the 
description  should  give  the  number  of  these  connections,  whether 
single  or  double  (Siamese)  couplings,  whether  threads  of  couplings 
fit  fire  department  couplings,  the  presence  of  a  proper  sign,  proper 
valves  in  the  feed  line,  and  proper  arrangements  for  draining. 

Alarm  Service.  The  description  of  the  alarm  service  should  in- 
clude details  of  the  method  by  which  the  flowing  of  water  is  announced, 
the  method  by  which  high  and  low  water  levels  are  under  observa- 
tion, and  the  automatic  supervision  by  electrical  attachments. 

The  description  of  the  water  flow  alarm  should  include  the  alarm 
valve  used  for  this  purpose,  and  whether  it  operates  an  electrical 
gong,  a  mechanical  gong,  or  both;  it  should  also  state  the  location  of 
these  gongs  and  their  connection  with  the  fire  department  or  with  a 
central-station  alarm  oflSce. 

The  description  of  the  high  and  low  water  signals  should  state 
the  arrangements  for  giving  these  signals  and  the  bells  operated, 
or  the  place  where  the  alarms  are  sent.  The  use  of  non-approved 
alarm  valves  in  the  s^'stem  should  be  noted. 
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The  description  of  the  aiUomatic  supervision  should  note  the 
attachment  to  the  gate  valves  in  all  parts  of  the  system,  the  pressm*e 
sources,  the  water  levels,  the  temperatures  of  water  supplies  which 
might  freeze,  the  flowing  of  water,,  and  the  leaking  of  water.  The 
description  of  the  alarm  system  should  also  include  reference  to  the 
facilities  for  giving  manual  fire  alarms,  and  the  presence  or  absence 
of  a  watchman. 

Fire  Control.  The  description  of  fire  control  should  cover  all 
possibilities  of  the  automatic  sprinklers  being  unable  to  extinguish 
or  control  a  fire,  such  as  conditions  of  unusual  area  of  rooms,  contents 
likely  to  prevent  complete  sprinkler  distribution,  premises  with 
unusual  draft  conditions,  occupancies  representing  flash-fire  hazards 
OT  quick  hot  fires  not  readily  extinguished  by  water,  explosion  hazards, 
and  dangerous  vapors.  There  should  also  be  specified  any  fixed 
obstructions  to  water  distribution,  the  absence  of  sufficient  clear 
space,  a  large  percentage  of  the  equipment  on  a  "dry"  system,  and  a 
large  percentage  of  the  sprinkler  heads  being  "extra  high  test  solder," 
the  presence  of  unstopped  vertical  openings  in  the  building,  and  the 
presence  or  absence  of  approved  curtain  boards. 

Mairdenance.  The  description  of  the  maintenance  of  an  auto- 
matic sprinkler  system  should  cover  the  measures  that  are  taken  to 
keep  the  equipment  in  good  condition  as  distinguished  from  those 
precautions  which  are  taken  to  insure  the  operation  of  the  sprinklers 
in  case  of  fire,  reference  to  which  has  been  made  under  the  subject 
of  alarm  service.  The  system  of  inspection  provided  for  should  be 
noted  as  well  as  mention  of  the  competency  of  the  person  making  the 
inspection,  and  whether  a  proper  report  is  rendered  by  him  to  a  person 
in  authority.  The  description  of  the  inspection  system  should  note 
whether  such  inspection  includes  a  supervision  of  matters  likely  to 
impair  the  physical  condition  of  the  eqi^pment,  unauthorized 
alterations,  changes  in  the  occupancy,  examination  of  valves,  spoil- 
ing of  sprinkler  heads,  and  condition  of  water  supplies. 

Non-Protection.  The  non-protection  item  of  an  automatic 
sprinkler  system  should  describe  the  features  that  are  not  included 
und^  sprinkler  protection,  such  as  unsprinkled  sections  of  the 
building,  small  enclosures,  large  areas,  and  parts  of  the  equipment 
shut  off  during  cold  weather. 

Fir^Alarm  Systems.     With  Central  Station.    The  description 
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of  fire-alarm  systems  in  general  should  include  the  following  items: 
Central  office  or  oi)erating  room,  wiring,  circuitSy  instrunients,  instalUi' 
tionSy  and  operations.  In  the  case  of  particular  types  of  fire  alarms, 
their  special  features  should  be  described  after  the  general  features 
common  to  all  systems  have  been  stated. 

The  description  of  the  central-station  office,  or  operating  room 
of  a  fire-alarm  system  should  state  the  forc*e  employed,  the  presence 
or  absence  of  plans  of  the  outside  lines,  the  physical  conditions  of 
the  building  from  a  fire  standpoint,  the  instruments  in  use,  and  the 
system  of  making  tt*sts. 

The  description  of  the  wiring  should  distinguish  between  under- 
ground wires  and  aerial  wires;  if  atrial  wirt^  are  used,  the  presence 
of  heavy  current  protec^tors  at  the  building,  the  size  of  wire,  metal, 
insulation,  and  methcxl  of  supiK)rt  and  of  running  should  be  noted. 
In  the  case  of  wirt^  inside  of  the  building,  the  wire  used  should  be 
described,  the  methml  of  running  it,  the  protection  against  injury 
or  contact  with  other  conductors,  and  the  physical  condition  and 
workmanship  of  the  installation. 

The  description  of  the  circuits  should  state  the  use  of  metallic 
circuits  or  earth-return  circuits,  underground  or  aerial,  and  the 
number  of  equipments  or  boxes  on  the  circuits. 

The  description  of  the  instruments  should  include  the  arrange- 
ments for  receiving,  rt^Hmling,  and  transmitting  signals;  the  arrange- 
ments for  registering  trouble  signals;  the  construction  and  setting  of 
the  instruments  as  precautions  against  jarring  or  derangement  of 
parts  which  would  prt*vent  the  mechanism  from  operating;  and  the 
location  and  encasing  of  the  instruments. 

The  description  of  the  installations  should  give  the  number  of 
boxes,  their  location,  distribution,  setting,  and  places  of  transmission 
of  signals. 

The  description  of  the  operation  should  state  where  the  alarms 
are  transmitted  and  re-transmittt^^l,  the  manner  of  making  tests, 
and  the  arrangements  for  competent  insix^ction. 

A  utomatic' Alarm  System  without  Central  Station.  The  particular 
description  of  this  type  of  alarm  system  should  specify  the  arrange- 
ments tending  to  prevent  a  break  in  the  wires  inside  the  building 
which  would  prevent  a  fire  alarm  being  sent,  or  to  prevent  a  break 
outside  the  building  disabling  more  than  one  connection  to  a  receiv- 
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ing  point.  The  description  should  further  specify  what  arrangements 
are  used,  when  a  break  in  the  wires  occurs,  to  give  an  alarm  which 
shall  be  quite  distinct  from  the  fire  alarm,  and  the  place  where  this 
trouble  signal  is  received.  The  kind  of  bells  used  at  the  risk,  the 
gongs  used  at  the  receiving  points,  the  location  and  enclosure  of 
transmitters,  relays,  and  annunciators,  the  testing  apparatus  used, 
and  the  arrangements  for  making  tests  should  also  be  detailed. 

AiUomatic  Journal  Alarm.  The  particular  description  of  auto- 
matic journal  alarms  should  state  the  subdivisions  of  the  circuits, 
the  presence  of  finding  suritches,  their  location  and  the  wiring  neces- 
sary" to  permit  cutting  out;  the  location  of  thermostats  on  bearings; 
the  temperature  setting  of  the  thermostats  with  a  proper  index, 
and  the  use  of  the  independent  relays  for  each  circuit.  The  bell 
equipment  should  be  described,  particularly  with  reference  to  short- 
circuit  bells  at  the  annimciator,  the  sets  of  finding  switches,  and  a 
system  of  bells  to  announce  circuit  numbers  on  each  fioor  of  the 
building. 

Thermostat  System.  The  particular  description  of  thermostats 
should  include  their  installation  in  all  parts  of  the  premises;  the 
running  of  the  lines  next  to  walls,  partitions,  under  pitched  roofs, 
hatch  closets,  and  shaft  openings;  the  spacing  imder  different  types 
of  ceilings  and  the  method  of  support. 

Heaty  Light*  and  Power.  The  description  of  heat,  light,  and 
power  as  found  in  any  risk  should  distinguish  between  that  which 
is  used  as  a  part  of  the  building  or  building  service,  and  that  which 
is  used  on  the  separate  fioors  in  the  premises  of  individual  tenants. 
The  description  should  compare  the  installation  imder  considera- 
tion with  approved  installations,  showing  the  departures  from  or 
violations  of  the  approved  systems  as  laid  down  by  the  municipal 
ordinances,  such  as  the  building  code,  or  as  laid  down  by  the  insurance 
organizations.  The  following  suggestions  for  describing  heat,  light, 
and  power  are,  therefore,  general  in  their  nature  and  are  designed 
to  give  only  the  essential  features,  leaving  particular  descriptions 
to  conform  to  the  necessities  or  desires  of  the  organization  using  the 
reports. 

Heat.  The  description  of  the  heat  of  a  building  should  specify 
the  kind  or  source,  the  location  of  the  appliance,  its  enclosure  or  lack 
of  enclosure,  the  materiab  and  form  of  construction  of  this  enclosure, 
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the  openings  in  the  enclosure,  and  the  cut-offs  or  fire  stops  put  in 
place. 

For  steam  heat  coming  from  a  boiler  in  the  building,  the  kind  of 
boiler,  i.  e.,  the  manufacturer's  description  and  the  horse-power, 
should  be  given.  The  foundation  of  the  boiler  should  be  described, 
particularly  with  reference  to  the  combustible  construction  of  the 
supports  or  the  setting.  This  applies  not  only  to  the  actual  space 
taken  up  by  the  boiler  and  its  setting,  which  latter  is  usually  of 
brick,  but  also  the  surrounding  space  on  all  sides.  The  foundation 
of  the  ash  pan  when  this  extends  beyond  the  boiler  proper  should 
also  be  described.  The  presence  of  combustible  construction  T^ithin 
a  distance  of  3  feet  or  less  on  all  sides  of  the  boiler  should  be  noted, 
as  well  as  the  protective  covering,  if  any,  which  is  in  place. 

The  description  of  the  stack,  should  state  the  material  used, 
the  construction  of  the  stack  and  its  base,  its  height  above  the  highest 
point  of  the  roofs  of  adjoining  buildings,  the  presence  of  a  spark 
arrester  and  the  size  of  its  mesh,  and  whether  the  stack  is  capped. 
Where  the  stack  is  of  metal  and  passes  through  a  combustible  roof, 
the  clearance,  or  distance  from  the  stack  to  the  woodwork,  should 
be  noted. 

Regarding  the  flues,  the  thickness  of  the  walls  of  a  brick  flue 
should  be  stated;  also  whether  fire  brick  and  fire  mortar  were  used 
on  the  inside  walls  of  the  boiler  flue  at  the  section  close  to  the  source 
of  heat.  In  the  case  of  flues  leading  from  apparatus  which  would 
heat  the  flues  to  a  high  temperature,  the  use  of  double  walls  with 
an  air  space  between  them,  and  the  use  of  an  inside  wall  of  fire  brick 
should  be  noted.  In  describing  smoke  flues  it  should  be  stated  how 
high  above  the  roof  they  extend,  whether  they  are  lined  with  some 
material  such  as  cast  iron  or  terra  cotta  clay,  and  whether  this  lining 
is  smooth  and  well  fitted. 

The  description  of  steam  pipes  should  make  note  of  any  place 
where  the  piping  is  within  2  inches  or  less  of  timbers  or  woodwork, 
and  also  whether  there  is  a  shield  or  protection  within  a  distance  of 
an  inch  or  less.  \Miere  steam  pipes  pass  through  the  floor  con- 
struction or  partitions,  the  protection  should  be  described,  particu- 
larly with  reference  to  the  use  of  a  metal  tube  or  sleeve  and  metal 
cap  at  the  floor  level.  In  the  case  of  pipes  running  vertically  and  hori- 
zontally the  presence  of  a  metal  shield  over,  and  on  the  sides  of,  the 
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pipes  should  be  described.  Where  pipes  are  run  in  wood  boxes,  in 
casings,  in  chimneys,  or  in  recesses  which  have  wood  covers,  the 
protection  of  these  wooden  parts  with  metal  should  be  noted.  Where 
steam  pipes  are  covered  with  some  material,  it  should  be  noted  whether 
this  covering  is  incombustible,  fireproof. 

The  description  of  2^  furnace  for  hot-^ir  heating  should  follow  the 
same  general  plan  outlined  for  a  boiler.  The  particular  points  to 
be  noted  in  the  description  of  a  hot-air  furnace  are  the  material 
used  for  the  cold-air  box,  and  the  construction  and  installation  of 
the  flues  or  ducts  for  carrying  the  hot  air.  The  enclosing  walb  and 
the  linings  for  stone  or  brick  hot-air  flues  should  be  described;  where 
they  pass  through  floor  construction  or  lath-and-plaster  partitions, 
the  presence  of  single  piping  or  double  piping  should  be  noted  as 
well  as  the  method  of  keeping  an  air  space  between  the  metal  of  the 
pipe  and  the  woodwork,  and  the  shielding  or  covering  of  the  wood- 
work. The  distance  from  the  furnace  of  a  vertical  hot-air  pipe, 
which  enters  combustible  construction  in  a  horizontal  direction, 
should  be  stated;  also  the  presence  of  double  piping  wherever  hot- 
air  pipes  are  run  in  closets.  The  distance  of  hot-air  pipes  below  floor 
beams  or  ceilings  should  be  noted  when  this  distance  is  6  inches  or 
less,  except  where  there  is  a  metal  protection,  in  which  case  the 
distance  is  3  inches  or  less.  Register  boxes  should  be  described  with 
reference  to  the  material  composing  them,  the  material  composing 
the  frame  or  border,  the  clear  space  on  all  sides  of  the  register  box, 
and  the  presence  of  a  metal  casing  in  this  clear  space.  Where  registers 
are  located  over  a  brick  furnace  the  method  and  the  materials  used 
in  supporting  the  register  from  the  top  of  the  furnace  should  be 
described. 

The  description  of  a  coal  stove  should  include  the  foundation 
or  setting  of  the  stove,  the  passage  of  the  smoke  pipe  from  the  stove 
to  the  flue  or  chinmey  opening,  and  the  closeness  of  the  stove  and 
the  pipe  to  combustible  materials.  The  description  of  stoves  that 
are  supported  on  legs  should  state  what  kind  of  a  floor  is  imderneath, 
and  if  it  is  a  wood  floor,  what  protection  is  provided  for  the  wood- 
work. Stoves  that  are  not  set  on  legs  but  rest  flat  on  the  floor  should 
be  described  particularly  with  reference  to  the  use  of  foundations  of 
brickwork  and  sheet  iron  as  a  substitute  for  wood  beams  and  wood 
floors;  the  presence  of  a  metal  shield  in  front  of  the  ash  pan  should 
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also  be  noted.  The  side  and  top  clearance  of  the  stove  from  com- 
bustible construction  and  the  use  of  metal  as  a  shield  should  be  given, 
and  in  the  latter  case,  the  distance  that  the  metal  extends  beyond 
the  actual  space  covered  by  the  stove  should  also  be  stated.  The  con- 
tact or  nearness  of  smoke  pipes  to  combustible  construction,  and  the 
presence  of  metal  shields  for  protection  should  be  noted. 

Light.  The  description  of  the  lighting  system  of  a  building 
should  specify  the  kind  of  light,  the  source  or  main  supply,  and  the 
necessary  details  concerning  the  appliances  or  machines  by  which 
the  light  is  used. 

The  description  of  a  gas-lighting  system  in  a  building  should 
state  the  kind  of  gas,  where  it  is  manufactured,  and  how  it  is  sup- 
plied to  the  risk,  the  supply  or  feed  main,  its  location  and  size,  the 
kind  of  meter  and  the  shut-off;  the  size  and  arrangement  of  the  dis- 
tribution system  from  the  meter  should  also  be  given.  The  kind  of 
branches  or  brackets  in  use  should  be  stated  (particularly  with  reference 
to  their  distance  from  combustible  construction)  whether  they  are 
a  swinging  or  folding  type,  and  if  so,  their  contact  with  combustible 
materials.  The  burners  or  jets  should  be  described  particularly  with 
reference  to  their  distance  beneath  combustible  materials  with  or 
without  protection ;  also  their  presence  in  store  windows  and  at  work 
tables  with  or  without  globes  or  cages.  When  gas  jets  are  enclosed 
in  lanterns  the  type  of  lantern  and  the  manufacturer's  description 
should  be  given. 

The  use  of  kerosene  oil  for  lighting  in  places  other  than  dwellings 
should  be  stated,  and  if  its  use  is  extensive,  the  number  of  lamps, 
the  quantity  of  oil  as  a  supply,  and  the  means  of  keeping  it  should 
be  given.  Kerosene  oil  used  under  pressure  to  supply  kerosene  vapor 
lamps,  stoves,  blow-torches,  and  furnaces  is  much  more  hazardous 
than  when  used  in  ordinary  kerosene  lamps  or  stoves;  the  descrip- 
tion of  these  systems  should  follow  theNational  Board  of  Underwriters' 
rules  covering  oil  supply  tanks,  distributing  tubes,  and  appliances. 

The  use  of  gasoline  for  heat,  light,  and  power  should  follow  the 
National  Board  of  UnderwTiters'  rules  covering  gasoline  engines, 
gasoline  stoves,  and  gasoline  vapor  gas  lighting  machines,  lamps 
and  systems. 

The  use  of  acetylene  for  lighting  should  follow  the  National 
Board    of  Underwriters'  rules  covering  permitted    machines,  the 
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installation  and  use  of  generators,  the  storage  of  calcium  carbide, 
and  the  use  of  portable  lamps. 

Power,  The  description  of  power  should  state  the  kind,  Le,, 
hand,  pedal,  animal,  or  mechanical,  the  latter  being  subdivided  into 
steam,  gas,  and  electric. 

Steam  'power  should  be  described  with  respect  to  the  location  of 
the  engine,  the  size,  make,  and  capacity;  its  setting;  whether  open 
or  enclosed,  and  if  enclosed,  the  construction,  material,  openings, 
and  protection  or  cut-offs. 

A  gas  engine  should  be  described  as  regards  its  location,  size, 
make,  and  capacity;  its  setting;  whether  open  or  enclosed;  and  the 
method  of  ignition.  The  description  of  the  setting  should  state 
whether  the  foundation  is  wood,  metal  clad  wood,  stone,  or  brick. 
The  enclosure,  if  the  engine  is  enclosed,  should  be  described  as  to  its 
construction,  material,  openings,  and  the  protection  or  cut-offs. 
The  description  should  further  give  the  method  of  ignition,  Le,y 
whether  flame,  hot  tube,  or  electric;  and  the  position  of  the  gas  bags 
relative  to  gas  lights,  and  the  distance  in  a  horizontal  direction  of 
the  bags  from  the  gas  lights  or  the  hot  tube.  The  exhaust  chamber 
should  be  described  with  respect  to  its  setting  above  wood  floors  or 
combustible  materials;  the  exhaust  pipes  should  also  be  described 
relative  to  their  clearance  and  protection  from  woodwork,  the  method 
of  running  the  pipes  through  floor,  partition,  or  wall  construction, 
and  the  shielding  or  protection  with  metal  sleeves  or  fireproof  cover- 
ing. If  the  exhaust  pipes  enter  chimney  flues,  it  should  be  stated 
whether  they  extend  out  and  above  the  top  of  the  chimney. 

Electrical  Conditions.  The  description  of  electrical  conditions 
of  buildings  or  premises  varies  considerably,  according  to  whether 
the  electrical  current  is  generated  on  the  premises,  or  is  received 
from  an  outside  source.  In  the  latter  case,  the  description  is  sim- 
plified because  of  the  absence  of  the  generating  or  manufacturing 
electrical  machinery.  When  electricity  is  generated  on  the  premises, 
the  plant  is  usually  spoken  of  as  an  isolated  plant  and  its  descrip- 
tion will  involve  the  usual  features,  beginning  with  the  generator. 

Generators.  The  description  of  a  generator  should  give  the 
number,  the  type  or  manufacturer's  title,  the  capacity  in  volts  and 
amperes,  and  the  normal  speed — which  information  is  usually  stated 
on  a  name-plate  attached  to  the  generator. 
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The  location  of  the  generators  should  be  stated,  particularly 
with  reference  to  dryness,  protection  against  accidental  moisture, 
safety  from  gases  or  fl^dng  particles  of  combustible  material,  and 
proper  enclosure  from  a  fire  protection  standpoint. 

The  setting  of  the  generators  should  be  described,  particularly 
with  reference  to  the  frame  of  the  generator  being  insulated  from  the 
groimd. 

The  protection  of  the  generators  against  overloading  should  be 
stated  by  describing  fuses  or  circuit  breakers,  and  their  suitability 
for  the  purpose. 

The  provision  of  a  waterproof  cover,  a  receptacle  for  oily  waste, 
and  the  use  of  a  competent  dynamo  tender  should  also  be  noted. 

Sioiichboard.  The  switchboard  should  be  described  with  refer- 
ence to  the  manner  in  which  it  is  set  up,  the  danger  of  conununicating 
fire  to  combustible  material,  the  freedom  from  moisture,  the  material 
composing  the  switchboard,  and  the  accessibility  of  the  wiring.  The 
equipment  of  the  switchboard,  i,  e.,  the  instruments,  their  mounting, 
and  installation  should  also  be  described. 

Rheostats,  The  description  of  rheostats  should  show  whether 
they  are  mounted  on  a  switchboard,  or,  if  not,  whether  they  are 
placed  at  a  proper  distance  from  combustible  material  or  properly 
separated  therefrom. 

Conductors,  The  description  of  the  conductors  should  include 
the  kind  of  wire,  whether  it  is  of  ample  or  insufficient  carrying 
capacity,  the  kind  of  insulation,  the  supports,  the  method  of  running 
the  wires  through  construction  work,  and  the  method  of  enclosing 
the  wires.  Any  special  installation  features  should  be  mentioned, 
particularly  the  protection  against  mechanical  injury  on  side  walls, 
contact  with  pipes  and  other  grounded  metal  work,  exposure  to 
moisture,  the  presence  of  splices  which  are  unsoldered  or  improperly 
taped,  and  the  use  of  cord  wire  for  line  work. 

In  the  case  of  outside  wires,  the  description  should  include  the 
absence  of  bushings  and  drip  loops,  the  method  of  carrying  the 
wires,  the  supporting  of  the  fixtures,  and  the  clearance  of  roofs  or 
grounded  metal  work.  The  absence  of  lightning  arresters  should  be 
noted  and  where  these  are  installed,  their  accessibility  and  separation 
from  combustible  material  and  their  proper  grounding  by  attach- 
ment to  gas  pipes. 
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CiU-Outs.  The  description  of  cut-outs  should  state  the  make, 
whether  properly  arranged,  whether  exposed  to  inflammable  ma- 
terials, gases,  dust,  or  combustible  floating  particles,  and  if  so, 
whether  in  approved  cabinets,  or  in  dustproof  cabinets  when  in  dust 
rooms.  If  exposed  to  dampness  it  should  be  stated  whether  the 
cut-outs  are  enclosed  in  a  waterproof  box  or  mounted  on  porcelain 
knobs. 

Switches.  The  description  of  switches  should  state  the  type 
and  make,  whether  any  are  out  of  order  or  not  properly  installed, 
and  whether  they  are  too  small,  or  are  exposed  to  inflammable 
materials,  vapors,  etc. 

Incandescent  Lamps.  The  description  of  the  lamp  equipment 
should  state  in  general  whether  the  lamps  are  fitted  with  inflamma- 
ble shades;  whether  they  are  exposed  to  inflammable  materiab,  cor- 
rosive vapors,  flyings,  and  moisture,  or  whether  they  are  without 
necessary  mechanical  protection.    . 

Lamps  on  fixtures  should  be  described  with  regard  to  proper 
construction  of  the  wiring  and  the  insulation  from  grounded  metal 
piping. 

Incandescent  lamps  on  pendants  should  be  described  with 
reference  to  twisted  wire  or  unapproved  cord,  and  the  bearing  of  the 
cord.  It  should  abo  be  made  clear  whether  they  are  supported  from 
defective  rosettes,  whether  they  are  hung  on  nails,  or  whether  the 
cord  is  too  Ipng.  It  should  be  stated  if  the  lamps  are  not  equipped 
with  proper  wire  guards  or  if  the  sockets  are  defective  or  unbushed. 

Portable  incandescent  lamps  should  be  described  with  respect 
to  being  equipped  with  standard  pendant  cord,  whether  they  are 
provided  with  wire  guards,  the  use  of  unapproved  attachments, 
and  the  necessity  for  repairs. 

Arc  lamps.  Arc  lamps  should  be  described  with  respect  to  being 
enclosed  or  not  guarded  and  not  provided  with  individual  fuse 
protection. 

Nemst  Lamps.  Nemst  lamps  should  be  described  with  regard 
to  exposure,  to  mechanical  injury,  the  lack  of  protection  by  suitable 
fuses,  and  the  general  inspection  given  them. 

Mercury-Vapor  Lamps.  Mercury-vapor  lamps  should  be  de- 
scribed with  respect  to  proper  protection  by  fuses,  the  installation 
of  resistances,  and  the  proper  casing  or  installation. 
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Motors.  The  description  of  the  motors  should  include  the 
number,  type  or  manufacturer's  trade  name,  the  capacity  in  volts 
and  amperes,  and  the  normal  speed,which  information  is  usually  stated 
on  a  name  plate  attached  to  the  motor. 

The  location  of  the  motors  should  be  stated,  particularly  with 
reference  to  exposure  to  dust,  vapors,  and  inflammable  materials. 

The  setting  of  the  motors  should  be  described  with  respect  to 
the  insulation  from  the  ground  and  the  filling  of  the  base  frames 
and  wood  floors  to  prevent  the  absorption  of  moisture. 

The  wiring  for  the  motor  should  be  described,  particularly  with 
respect  to  the  capacity  of  the  motor  leads  or  branch  circuits  and 
whether  the  circuit  is  overfused.  The  presence  of  a  cut-out  and 
switch,  the  location  of  the  switch  and  rheostats,  the  use  of  rheostats, 
the  protection  of  rheostats  and  autostarters,  their  location  in  wet, 
dusty,  or  linty  places,  the  use  of  a  waterproof  cover  and  the  enclosure 
in  an  approved  case  should  also  be  stated. 

Special  Hazards.  The  term  special  hazard  is  applied  to  certain 
risks  of  a  producing  or  manufacturing  character,  which  are  considered 
especially  dangerous  or  liable  to  frequent  and  destructive  fires.  The 
same  term  is  also  used  to  describe  the  danger-producing  features 
of  ordinary  risks  or  manufacturing  risks  of  which  the  business,  as  a 
whole,  is  not  considered  especially  dangerous. 

The  description  of  a  special  hazard  should  give  complete  in- 
formation regarding  the  degree  and  the  extent  of  the  hazard.  Such 
hazards  may  be  classified  as  furnaces,  dryers,  kettles,  and  volatile  or 
explosive  substances. 

Furnaces,  The  description  of  furnaces  should  give  details  of 
the  stack  or  chimney,  its  setting,  its  clearance,  and  the  method  of 
heating,  Le,,  the  fuel  used.  The  description  of  the  setting  should 
cover  the  nature  of  the  enclosing  walls  of  the  furnace  and  the  manner 
in  which  these,  as  forming  the  furnace,  are  set  or  arranged,  as  well 
as  the  condition  in  which  they  are  found.  The  description  of  the 
clearance  should  cover  the  distances  of  any  heated  portions  of  the 
furnace  from  woodwork  or  other  fixtures  of  inflammable  material. 
This  is  not  meant  to  include  the  distance  to  or  proximity  of  tem- 
porary rubbish  or  other  materials,  which  is  a  fault  of  management. 
Clearance  refers  to  any  one  or  all  four  sides  and  overhead. 

The  description  of  the  stack  or  chinmey — by  which  is  meant 
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the  enclosure  for  the  flue  which  conveys  away  the  heated  gases  of  com- 
bustion — should  give  details  of  the  breaching  or  up-take  or  down- 
take  to  such  stack  or  chimney.  It  should  treat  of  the  construction  of 
the  stack,  its  location — i.  e.,  whether  inside  or  outside  the  building 
or  contained  in  the  walls  of  the  building — and  the  general  condition 
of  the  chimney.  The  description  of  the  method  of  heating  or  the 
fuel  used  should  deal  with  the  source  of  heat  and  the  conditions  under 
which  it  is  handled  or  used. 

Dryers.  The  description  of  the  dryers  as  a  class  should  deal 
principally  with  their  construction  and  the  method  of  heating.  This 
statement  should  include  the  arrangement  and  in  many  cases  the 
location  of  the  device.  Note  should  be  made  in  particular  of  steam 
pipes,  hot-air  flues  or  conductors  which  are  close  to  or  in  contact 
with  wood  or  inflanmiable  material. 

Kettles.  The  description  of  kettles,  as  a  class,  should  treat  of 
the  manner  of  heating,  the  nature  of  the  contents,  the  chances  of 
the  contents  causing  trouble,  and  the  use  of  the  kettle  under  pressure. 
It  should  be  noted  that  the  use  of  direct  flames  is  not  easily  regulated 
so  that  the  boiUng  over,  or  the  boiling  accompanied  by  sputtering, 
is  a  detail  that  should  be  described  with  the  possibility  that  the  sur- 
roundings will  be  spattered  with  the  hot  liquid. 

Exposure*  The  terms  exposure  and  communication  are  used  to 
represent  the  outside  fire  danger,  or,  in  other  words,  the  hazard  of 
other  risks. 

Exposure  may  be  described  from  two  standpoints,  the  danger 
to  a  risk  from  neighboring  buildings,  and  the  danger  to  these  build- 
ings from  the  risk.  Exposure  is  generally  classified  as  opposite  and 
adjoining  exposure,  the  former  meaning  one  where  there  is  an  inter- 
vening distance  between  buildings,  while  the  latter  refers  to  those 
cases  where  the  walls  of  the  risk  and  exposure  are  close  together. 
Exposure  is  in  many  cases  described  on  the  map  or  diagram  of  the 
risk,  in  which  case  a  full  written  description  is  not  required.  At  the 
same  time,  the  inspector  should  always  be  prepared  to  describe 
exposure  apart  from  the  diagram  or  map. 

The  principal  elements  of  exposure,  i.e.,  the  features  that  should 
form  the  basis  of  a  description  are,  distance,  character  of  buildings, 
relative  height,  walls,  and  fire  stops. 

Distance.    The  element  of  distance  applies  only  to  cases  of  op- 
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posite  exposuiT,  and  is  a  matter  of  stating  the  amount  of  separation 
between  buildings,  usually  in  feet. 

Character  of  Buildings.  I'nder  the  item  character  of  buildings 
should  be  included  the  main  features,  such  as,  tN-pe  of  construction, 
height,  area,  general  occupancy,  and  fire  protection,  particularly 
automatic  sprinkler  equipments. 

Relative  Height.  The  relative  height,  as  an  item  of  description, 
should  cover  the  possibility  of  falling  walls  and  overhead  openings 
in  the  case  of  adjoining  exposure. 

IValls.  The  walls  are  really  the  principal  thing  in  exposure.  In 
case  of  adjoining  exposure,  the  thickness  of  the  wall  and  the  condition 
of  the  brickwork  should  be  described  with  respect  to  its  ability  to 
prevent  fire  from  passing  through.  Actual  openings  in  walk  are 
self-evident  sources  of  danger  and  should  be  carefully  described.  In 
the  case  of  opposite  exposure,  the  openings  in  walls  are  \iindows, 
doon^'ays,  and  glass  fronts.  In  the  case  of  adjoining  exposure,  the 
discussion  of  the  openings  shoukl  include  doon^'ays  and  windows  in 
use  or  not  in  use,  pipe  holes,  shaft  and  belt  holes,  beams  in  party 
walls,  chimneys,  bridges,  tunnels,  show-windows,  and  other  pas- 
sages or  means  of  communication  for  heat,  smoke,  or  flames  from 
one  building  to  another. 

Fire  Stops.  As  an  element  of  exposure,  the  discussion  of  fire 
stops  should  cover  everything  that  tends  to  prevent  a  fire  from 
spreading  to  or  from  damaging  the  adjoining  or  opposite  build- 
ings. 

Fire  stops  are  divided  into  brickcd-up  openings  and  fire-resistafU 
appliances  or  devices. 

A  description  of  the  briclced-up  oitenings  should  cover  the  restora- 
tion of  the  solid  walls  by  filling  in  with  brick  and  mortar.  WTien  this 
has  been  done,  details  must  be  given  as  to  the  thickness  of  the  bricked- 
up  portion  and  the  bonding,  joining,  or  fitting  of  the  new  brickwork 
into  the  old  brickwork  in  such  a  manner  as  to  make  a  tight  joint 
that  will  be  proof  against  heat,  smoke,  or  flame. 

The  fire-resistant  appliances  include  fire  doors,  fire  shutters, 
wire-glass  windows,  and  outside  sprinklers  or  water  curtains.  The 
facts  brought  out  in  the  description  of  these  appliances  should 
include  the  construction,  the  materials,  their  method  of  operation 
and  their  maintenance. 
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DIAGRAM  REPORTS 

Fire  Insurance  Maps.  In  Fire  Insurance  tke  graphic  description 
of  a  property  has  an  important  and  an  ever  growing  function;  at 
present  it  is  confined  to  a  plan  or  simple  diagram  of  the  insured 
properties,  adding  certain  simple  devices  for  indicating  such  features 
of  the  building  as  may  be  conveniently  described  in  this  manner. 

The  map  of  a  Fire  Insurance  risk  gives  the  general  location  of 
the  risk  and  its  position  relative  to  other  risks.  It  also  shows  a 
scale  drawing  of  the  ground  plan  of  the  building,  thus  giving  the 
dimensions  and  area  of  the  building  in  a  convenient  way,  and  at 
the  same  time  giving  a  perfect  idea  of  its  general  contour  and  the 
relation  of  the  subdivisions  of  the  building.  The  standard  scale 
used  in  these  drawings  is  1  inch  to  50  or  60  feet,  and  as  each  line  in 
the  drawing  is  based  on  this  scale  it  is  possible,  therefore,  to  obtain 
any  dimension  desired  by  reducing  the  length  of  the  line  to  the 
scale  adopted.  The  contour  lines  naturally  represent  the  walls  and 
positions  of  the  building,  and  by  varying  the  thickness  of  the  lines 
they  are  made  to  represent  different  kinds  of  walls.  Unfinished  or 
inc(»nplete  walls  are  represented  by  dotted  lines;  open  spaces  in  the 
line  indicate  where  the  wall  is  interrupted  or  where  a  window  open- 
ing occurs.  Color  is  used  to  a  large  extent  to  indicate  the  different 
forms  of  construction;  certain  s>mbols,  which  follow  in  a  measure 
the  shapes  of  the  things  they  represent,  are  used  to  shorten  the 
description;  and  of  course  the  use  of  initial  letters  is  too  well  known 
to  be  more  than  mentioned.  These  symbob,  it  must  be  understood, 
are  purely  arbitrary  but,  having  become  established  and  recognized, 
they  form  the  "symbol"  language  of  the  inspector  and  must  be  studied 
in  a  practical  way  in  order  to  be  recognized  when  presented.  These 
symb(^  together  with  a  short  description  of  each  are  given  under 
the  grouping  system  used  for  written  reports. 

Following  this  list  of  symbols  is  given  an  illustration  of  a  typical 
inspector's  map.  This  map  is  a  copy  of  one  issued  in  connection 
with  the  adoption  of  these  symbols  by  the  Fire  Underwriters  Uni- 
formity Association  and  brings  into  use  practically  all  the  symbols 
needed.  The  only  feature  not  brought  out  in  the  map  is  the  color 
in  the  backgrounds,  which  indicates  the  kind  of  construction  accord- 
ing to  the  scheme  given  on  the  following  page. 
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CONSTRUCTION 

The  construction  of  a  building  is  indicated 
by  the  use  of  color,  as  follows: 

Broiiii  on  a  map  or  plan  represents  fireproof  con- 
struction. If  the  color  is  mottled  or  covered  with 
small  black  dots,  this  indicates  reinforced  concrete 
construction. 

Blue  represents  stone  construction,  that  is  stone 
bearing  walls  or  ordinary  concrete  waUs  and  floors. 

Red  or  pink  represents  brick  construction. 

Yellow  represents  frame  construction. 

Dark  gray  represents  iron  construction. 

The  use  of  color  at  the  edge  of  a  diagram 
denotes  that  the  wall  where  this  color  is  placed  is 
different  from  the  other  walls  of  the  building. 

A  re<l  diagram  with  a  blue  strip  across  the  frcmt 
represents  a   brick  building   with  a  stone  front; 

if  the  strip  is  gray  the  front  is  of  iron;  if  the 

strip  is  yellow,  the  front  is  of  frame  construction. 

A  yellow  diagram  with  a  red  strip  indicates /ranie 
construction  with  a  brick  front. 

A  yellow  center  with  a  red  margin  indicates  a 
frame  building  with  brick  veneer  or  brick-filled  walls. 

A  yellow  center  with  a  gray  margin  represents  a 
frame  building,  the  outside  of  which  is  metaL 

A  gray  center  \inth  yellow  marpn  represents  a 
building  with  iron  framing,  covered  with  wood. 

A  diagram  bordered  by  a  crinkled  line  indicates 
a  building  covered  ^-ith  corrxigated  iron. 
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An  oZfey  or  driveway  through  the  building  is  in- 
dicated by  a  dotted  line  as  shown. 

WALLS 

Walls  are  represented   by  lines   in  various 
forms  as  follows: 

A  solid  thick  line  represents  an  independent  wall. 

A  solid  thin  line  represents  a  party  wall. 

A  broken  line,  i,  e,,  rather  long  dashes  and  short 
blank  spaces,  represents  an  incomplete  division 
wall,  i.  e.,  one  that  does  not  extend  throughout 
the  entire  height  of  the  building  from  basement  to 
roof.  ^  ,^ 

A  distinct  break  in  the  line  representing  a  division 
or  side  wall  indicates  an  openmg  made  by  a  door- 
toay  or  arch. 

A  small  curved  line  or  a  short  line  at  right  angles 
as  shown,  indicates  the  presence  of  a  fire  door,  the 
auxiliary  line  being  placed  on  the  side  of  the  wall 
the  door  is  on. 

An  auxiliary  line  on  each  side  indicates  a  fire  door 
on  each  side  of  the  walls. 

Either  the  solid  curved  or  straight  line  indicates 
a  nonstandard  fire  door. 

A  double  curved  line  is  used  to  represent  a  standard 
fire  door. 

Figures  placed  at  the  break  in  the  line  indicate 
the  floors  on  which  the  openings  in  the  walls  of 
the  building  occur. 


Figures  representing  inches  are  placed  at  some 
convenient  spot  along  the  wall  line  to  indicate 
the  thickness  of  the  tvalls. 


53 


44 


FIRE  INSURANCE  INSPECTION 


^ 


\ 


PARAPET 

Parapets  or  fire  walls  are  shown  on  plans 
by  projecting  the  wall  line  beyond  the  point  of 
intersection  of  two  walls. 

The  parapet  line  is  crossed  by  short  lines,  one  for 
each  6  inches  that  the  parapet  extends  above  the 
roof. 

A  heavy  line  iKith  two  parapet  lines  at  an  angle 
with  each  other  indicate  two  independent  adjoin- 
ing walls  with  independent  parapets. 


> 


r 


y 


WINDOWS 

A  thin  straight  diagonal  line  run  across  the  wall 
line  and  crossed  at  right  angles  by  another  short 
thin  line  indicates  a  window  opening. 

A  vertical  tier  of  windows  is  represented  by  a  group 
of  window  lines,  the  number  indicating  the  number 
of  windows  in  the  tier;  i.e.,  a  building  iKith  four 
floors  and  a  window  at  each  floor  would  have  four 
\ivindow  lines.  The  floors  on  which  the  windows 
occur  are  determined  by  counting  the  window 
lines  from  left  to  right  as  one  faces  the  building. 

A  little  black  dot  on  the  inside  end  of  a  window 
line  indicates  a  window  opening  on  that  side  of 
two  adjoining  walls.  If  the  black  dot  is  missing, 
it  means  that  there  is  no  window  on  this  flow. 

A  sign  placed  at  the  outside  end  of  a  window 
line  indicates  that  the  window  opening  b  prth 
tected.    Curi'ed  lines  indicate  the  presence  of  fire 

shutters. 

A  single  curved  line  represents  a  nofv-eiandard  fire 
shutter. 

A  double  ciurved  line  represents  sl  standard  fire 
shutter. 
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A  straight  line  indicates  the  presence  of   mre 
glass. 
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ROOFS 

A  small  circle  in  the  corner  of  a  map  or  plan  of  a 
building  indicates  that  the  roof  is  metal,  tUe,  or 
slate. 

A  round  black  dot  indicates  that  the  roof  is  com- 
position. 

A  small  cross  indicates  that  the  roof  is  shingle. 

A  dotted  outline  made  on  the  diagram  represents 
a  roof  structure,  its  relative  size  being  indicated 
wherever  possible,  by  the  area  enclosed  by  the 
dotted  line.  An  abbreviation  placed  inside  the 
dotted  lines,  indicates  the  type  of  structure. 

Where  the  construction  of  the  roof  structure  differs 
from  that  of  the  rest  of  the  building  this  is  in- 
dicated, if  possible,  by  the  use  of  color. 

Dotted  lines  running  from  the  comers  of  the 
diagram  represent  a  mansard  roof,  the  lines  being 
placed  on  the  side  where  the  mansard  construc- 
tion occurs.  If  the  mansard  covers  the  four  sides 
of  the  building,  this  is  indicated  by  a  dotted  line 
running  entirely  around  the  diagram. 

A  small  triangle  in  the  center  of  the  diagram  is  also 
used  to  indicate  mansard  construction  the  fram- 
ing of  which  is  iron.  The  angle  sign  is  used  to  in- 
dicate that  the  framing  of  the  mansard  roof  is  of 
wood.' 


SKYLIGHTS 

A  skylight  is  indicated  by  a  symbol  whose  shape 
suggests  the  outlines  of  a  skylight. 
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Broken  lines  are  used  to  indicate  the  TeoMs  or  long 
Monitor  skylight,  the  approximate  area  covered 
by  the  symbol  indicating  the  size  of  the  skylight. 

A  series  of  saw  teeth  indicates  the  presence  of  a  saw 
tooth  skylight. 

A  flat  triangle  drawn  on  one  side  of  a  square  in- 
dicates a  large  floor  opening  with  skylights  above. 

A  smaller  floor  opening  and  smaller  skylight  is 
indicated  by  reducing  the  size  of  the  symbol. 

CORNICE 

A  cornice  of  a  building  is  indicated  by  a  line 
directly  in  front  of  the  wall  line. 

A  straight  line  indicates  a  brick  or  metal  cornice. 
I        A  broken  line  indicates  a  wood  cornice. 


tOB.3B  CSC 
ifO' 


Height  in  stories 
Height  in  feet 


3  Stys..  B.  and  Attic 


1  Story  equal  to  3 


n 


HEIQHT 

The  height  of  a  building  in  feet  is  expressed 
in  figures  followed  by  a  prime  mark  (').  Some- 
times the  height  figures  are  enclosed  in  a  circle. 

The  height  of  the  building  in  stories  is  indicated 
by  numerals  to  represent  the  number  of  stories, 
followed  by  the  abbreviation  B.  for  basement, 
S.B.  for  sub-basement,  C.  for  cellar,  S.C.  for  sub- 
cellar  and  A.  for  attic. 


FLOOR  OPENINGS 

A  hollow  square  is  used  to  represent  a  ^oor  op9f»^ 
ing,  an  initial  letter  being  placed  within  the  square 
to  indicate  the  type  of  opening. 
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A  square  with  solid,  heavy  lines  represents  a  floor 
opening  with  hrick  walls. 

An  X  inside  the  hollow  square  represents  an 
Elevator, 

Elevators  are  also  indicated  by  the  initial   E 
within  the  hollow  square. 

The  initial  H  within  the  hollow  square  is  used  to 
represent  a  hoistway  or  hatch. 

The  letter  D  within  the  hollow  square  is  used  to 
represent  a  dumbwaiter. 

The  letter  V  wJthin  the  hollow  square  is  used  to 
represent  a  ventilating  shaft. 

The  letter  L  within  the  hollow  square  is  used  to 
indicate  a  light  shaft. 

The  letter  W  within  the  hollow  square  is  used  to 
represent  a  well  hole. 

The  letter  S  within  the  hollow  square  is  used  to 
represent  a  stairway.  A  stairway  is  also  repre- 
sented by  a  rectangular  outline  crossed  by  straight 
lines  supposed  to  represent  the  stair  steps. 

The  diagram  just  described,  when  augmented 
by  a  flat  triangle  drawn  on  one  side  indicates  a 
stairway  with  a  skylight  above. 

The  representation  of  a  floor  opening  by  a  broken 
line  indicates  that  the  floor  opening  does  not  pierce 
all  floors. 

The  floors  that  it  does  pierce  are  indicated  by 
figures  within  the  square,  or,  if  there  is  no  room 
within  the  hollow  square,  the  figures  may  be 
placed  outside  the  hollow  square. 
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OCCUPANCY 

The  occupanc}'  of  buikliiigs»  t.  e.,  the  general 
nature  of  the  business  carried  on,  b  usually  in- 
dicated either  by  initial  letters  or  by  writing  out 
the  words  in  full. 

The  letter  S  represents  a  store. 


The  letter  D  represents  a  dwelling. 
The  letter  F  represents  a  factory. 

The  letters  W  H  represent  a  warehouse. 
The  letter  T  represents  a  tenement. 

The  abbreviation  Merc,  represents  Mercantile. 
The  abbreviation  Mfg.  represents  Manufacturing. 

The  use  of  two  diagonals  indicates  stable  occu- 
pancy. 

The  square  ruled  with  diagonal  lines  indicates  a 
smoke  house. 


HAZARDS 

A  small  oblong  figure  with  a  red  center  and  black 
edging  is  used  to  indicate  a  retort. 


A  smaller  figure  with  a  red  center  and  a  blade 
edging  is  used  to  indicate  an  aoen. 
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A  solid  black  oblong  figure  represents  a  horizontal 
boiler,  the  horse  power  being  indicated  by  numerals 
and  the  letters  H.  P. 

A  solid  black  circle  represents  a  vertical  boiler, 
the  H.  P.  being  indicated  as  before  stated. 

A  thin  line  around  the  solid  black  oblong  figure 
and  the  margin  colored  in  red  represents  a  hori- 
zontal steam  boiler  which  is  bricked  in. 

A  small  broken-line  circle  indicates  a  cupola 
furnace. 

A  small  square  containing  diagonals  and  a  black 
dot  at  their  intersection  indicates  a  high  brick 
chimney  or  stack.  The  height  of  the  stack  is  given 
in  feet  close  by. 

A  small  light-lined  circle  represents  an  iron 
chimney. 
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FIRE  PROTECTION 

A  small  circle  containing  the  initials  A.  S.  repre- 
sents an  automatic  sprinkler  equipment  in  a  build- 
ing. This  equipment  is  also  indicated  by  writing 
automatic  sprinklers  across  the  plan. 

A  small  thin-lined  circle  with  diagonals  and  a 
black  dot  at  their  intersection  indicates  an  auio^ 
matic  sprinkler  riser.  Sometimes  the  initials  A.  S. 
are  added. 

A  small  solid  oblong  figure,  with  smaller  circles 
attached  to  indicate  the  number  of  hose  connec- 
tions, represents  a  fire  pump.  Another  conven- 
tional symbol  for  the  fire  pump  is  given  in  the 
margin. 

The  s^'mbol  given  in  the  margin  represents  a 
sprinkler  pressure  tank. 
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A  symbol  suggesting  the  outlines  of  a  tank  within 
a  house  is  use<l  to  indicate  a  tank  house. 


© 
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A  small  circle  surrounding  the  initial  S  represents 
a  standpipe  riser. 

The  Siamese  connection  for  fire  department 
apparatus  is  indicated  in  two  ways. 

(1)  A  Y  with  the  ends  crassed,  which  is  placed  as 
close  to  the  wall  line  as  possible  to  indicate  the 
relative  position  of  the  standpipe. 

(2)  The  symlK>l  given  in  the  margin. 

The  various  types  of  valces  are  indicated  by 
symbols  as  follows: 

Underground  valve  requiring  key  to  open. 


* 


Ordinary  gate  valve. 


^ 


^ 


Globe  valve. 


Post  indicate  r  valve. 


^ 


Indicator  valve  (any  approved  type). 


Check  valve  with  R\)ex  j)ointing  in  direction  of 
water  flow. 

Check  valve  with  alarm  attachment. 


H) 


Alarm  valve. 


Alarm  gong  icith  hood. 
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Dry  valve. 

The  symbol  in  the  margin  indicates  a  wcder  meter 
in  by-pass  located  in  brick  pit. 

The  symbol  shown  in  the  margin  represents  an 
engine. 

A  small  circle  with  two  tangents  represents  a 
dynamo. 

A  small  circle  with  one  tangent  represents  a  motor. 

WATER  SUPPLY 

The  various  featm-es  of  a  water  supply  are 
indicated  as  follows: 

:=^        Water  pipe  (under  ground). 


a 


O 


a 


o. 


Water  pipe  (above  ground). 

Section  pipe  foot  valve  and  strainer. 

Dry  or  pipe  hydrant  showing  non-standard  hose 
house. 

Two-way  frost-proof  hydrant. 

Frost-proof  hydrant  with  steamer  connections  and 
with  independent  gates  for  hose  connections. 

Frost-proof  hydrant  with  hose  valves  on  outlets: 
hydrant  covered  with  standard  hose  house. 

Two-way  public  hydrant. 


xS/jt        Single  public  hydrant. 


CJf. 


£^HC 


Ma 


Chuck  hydrant. 


Qv^        Vertical  pipe. 


Hose  connection 
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FIRE  INSURANCE  INSPECTION 

PART  II 


CONSTRUCTION  OF  BU1LDIN05 

QENERAL  SPECIFICATIONS 

A  study  of  the  construction  of  buildings  with  reference  to  Hre 
Insurance  should  be  made  from  the  standpoint  of  its  purposes  and 
needs  and  would  naturally  fall  into  two  main  divisions — the  build- 
ing and  the  contents. 

BUILDING  CLASSiPICATION 

What  distinguishes  a  mere  structure  from  a  building  is  not 
of  Bxxy  particular  moment.  Four  walls  and  a  roof  is  sometimes 
used  as  a  definition  of  a  building,  but  such  structures  as  sheds  and 
trestles  would  seldom  be  misunderstood  as  buildings. 

To  distinguish  buildings,  certain  terms  are  used  which  are 
dioeen  principally  as  an  indication  of  the  construction,  \\z,  frame; 
bridk  or  ordinary;  stone;  iron;  mill-constructed;  and  fireproof  including 
jiflsf  and  concrete.    This  classification  is  amplified  in  the  chart. 

These  terms  mean  different  things,  depending  on  the  person 
umag  them,  and  the  locality  in  which  they  are  used.  Accordingly, 
tlie  foDowing  definitions  of  them  are  intended  to  be  only  suggestive 
tfid  to  be  corrected  or  altered  as  needed.  The  basis  of  this  classi- 
ficatWi  is  the  kind  of  wall,  except  in  the  case  of  the  Mill-constructed 
and  the  Fireproof,  which  have  special  features  to  distinguish  them. 

Fnune  Bufldiiq;.  A  frame  building  is  built  entirely  of  wood, 
faflwHing  walls,  posts — called  studs,  and  covered  with  boards  or 
odicrinaterials — and  beams  or  floor  supports;  the  partitions  and  the 
Hoiiil  of  the  building  are  also  of  wood  or  of  lath  and  plaster.  The 
iir^Ds  of  frame  buildings  sometimes  have  the  space  between  the 
ttods  filled  in  with  bricks  and  in  such  cases  the  building  is  called  a 
l^■ie^^jfBffrf  building  or  brick-nogged  building.  Tliis  should  not  be 
OiDed  a  brick-and-frame  building,  which  is  a  different  thing. 

Cofyrighit  191t,  bj  American  School  of  Correipondeuce. 
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FRAME 


BRICK 


CHART 
ClaiMlflcatlofi  of  Buildings 

TUU  Description 

Frame  Building Wood  walls,  covered  with  boards 

Frame  Buil(iiiiK Wood  walls,  brick-filled  or  "nogged" 

Fnimo-and- Brick  Building. .  Wood  wall,  with  brick  outside  or 

veneer 
Frame-and-Plaster  Building  Wood  walls  covered  with  mortar, 

plaster,  stucco,  or  cement 
Frame-and-Iron  Building . . .  Wood  walls  covered  with  iron,  usu- 
ally corrugated  iron 

Brick  Buililing Brick  walln,  ordinary  Qoisted)  floor 

construction 
Brick-and-8tone  Building  .  .Brick   walls,  stone  front  (facing  or 

veneering) 


STONE 


IRON 


JStoiie  Building Stone-bearing  walls,  ordinary  Cjoi 

[  ed)  floor  construction 

Iron  Buihling Iron  framing,  iron  covering 

Iron-and-Framc  BuilJing... Iron  framing,  wood  covering 


(Brick    Mill-constructed       j Brick  walls,  floor  construcUon  of 

MILL  COX-  J      Building f     hciivy  timbers 

STRUCTIOX  Frame    Mill-constructed     fWood  walls,  floor  construction  of 

[     Building \    heavy  timbers 


fCf 


*FIRF^ 
PROOF 


Skeleton  Construction Brick-bearing  walls,  steel  or  iraa 

frame    and    incombustible   floor 

arches 
Cage  Construction Steel  frame  carrying  the  walla  and 

incombustible  floor  arches 
Concrete  Construction Walls  and  interior  construction  of 

concrete 
Reinforced  Concrete  Con-  [Walls  and  interior  construction  of 
^     St  ruction ^    concrete  reinforced  with  steel 

In  a  hrick-and-frame  huilding  one  or  more  walls  are  of  frame 
construction  or  brick  c*onstruction.  The  most  common  form  of 
this  kind  of  buihling  is  one  in  which  the  front  wall  is  brick,  while  the 
side  and  rear  walls  are  wo(k1;  sometimes  it  is  a  side  wall  that  is  brick. 
In  case  a  building  has  three  walls  of  brick,  it  can  properly  be  called 
a  l)rick  building,  but  special  reference  must  be  made  to  the  one 
wood  or  frame  wall. 


*For  a  detailed  diiwusnon  nf  Fireproof  Construction  the  reader  is  referred  to  Fireproof 
Construction.  Farts  I,  II,  III,  and  IV. 
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Uiutlier  form  of  mixed  brick-and-frame  liuilding,  but  for  all 
practical  purposi-s  to  be  considered  a  frame  building,  is  one  with 
wood  walls,  covered  on  the  outside  with  one  thickness  of  brick  as  a 

r  or  covering. 

t  is  the  wull  jiroper  or  the  framework  of  the  wall  which  de- 

Whcther  a  building  is  brick  or  frame.  For  this  reason,  a  build- 
1  plaster  or  cement  wails  attached  to  or  resting  on  a  woo<i 
frame  must  be  considered  a  wood  building,  but  it  should  be  de- 
scril»«l  as  a  frnme-and-pla-tter  building.    The  sjimc  thing  is  true 


•  wood  frame  is  eo\-ered  with  iron,  as  in  the  ease  of  many 
sheds,  while  a  common  form  of  pier  construction  has  an  iron  frame 
I  i^  ft  wood  covering. 

(  or  Ordinary  Building.  By  a  brick  building,  as  the  term 
/  use<I,  is  meant  n  building  with  brick  walls  and  ordinary 
Mi.'<tructiMn,  that  is,  the  floor  has  no  extra  heavy  timbers, 
»  &  Snii  Construction,  nor  is  it  built  of  incombustible  materials, 
s  ill  Fireproof  Tonstruction.  Such  a  building  has,  in  addition  to 
flck  walls,  which  maj'  have  an  outside  covering  or  layer  of  stone 
ration  purposes,  floor  beams  of  wootl,  and  partitions  and 
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finish  of  wood,  or  lath  and  plaster.  Sometimes  a  brick  building  will 
have  one  front  or  side  built  of  east  iron,  Fig.  l,or  wood,  or  even  glass. 
These  special  conditions,  however,  do  not  affect  its  classification  as 
an  oniinary  brick  building. 

Stone  Building.  A  building  which  has  brick  walls  covered  with 
stone,  as  a  veneiTing  or  outside  facing,  is  properly  a  brick  building  and 
should  be  so  calle<l,  in  order  to  avoid  the  confusion  which  must 
result  from  using  the  same  term  stone  for  one  building  which  act- 
ually has  stone  walls,  and  for  another  building  which  has  only  a 
stone  facing  to  brick  walls.  The  latter  should  be  distinguished  as 
a  brick-and-stonc  building,  while  the  building  with  stone  walls, 
which  actually  carry  the  floor  loads,  should  be  distinguished  as  a 
stone  building. 

A  building  which  has  walls  of  c*oncrete  and  an  interior  con- 
struction similar  to  that  of  an  ordinary  brick  building,  should  be 
distinguishetl  from  a  building  entirely  of  concrete,  which,  there- 
fore, can  be  plac^^l  in  the  FirepnK)f  or  incombustible  class  of  build- 
ings. A  building  with  concrete  walls  and  wood  interior  construc- 
tion must  Ih»  classed  as  a  building  of  ordinary  or  non-fireproof  con- 
struction. 

Iron  Building.  The  iron  building,  usually  consisting  of  an  iron 
frame  for  the  walls,  covered  with  corrugated  iron  or  other  form  of 
sheet  iron,  also  iK'longs  in  the  ordinary  class  of  buildings. 

Mill-Constructed  Building.  This  ty}x^  of  building  is  also  gener- 
ally called  .sloiV'burnitig.  Its  distinguishing  feature  is  the  use  of 
large  supiK)rting  timln^rs,  plank  flooring,  and  open  or  unconcealed 
construction. 

Fireproof  Building.  Fireproof,  Fire-resistant,  or  Fire-resistive 
buildings  are  classed  as  those  structures  which  do  not  use  wood  in 
any  part  of  the  structural  sup|X)rts,  that  is,  the  walls  or  the  interior 
supports  or  the  construction  of  the  floors.  This  applies  to  all  build- 
ings using  a  st(H*l  or  iron  framework,  either  for  the  walls,  or  the  col- 
umns, girders,  and  In^anis,  and  also  to  buildings  using  concrete 
with  or  without  stt^l  reinforcing. 

Fireproof  buildings,  as  a  rule,  have  walls  of  brick,  but  they  are 
seldom  classed  as  brick  buildings,  for,  like  the  mill-constructed 
building,  their  special  features  necessitate  a  separate  classification. 
A  precise  test  of  what  (Ws  or  does  not  constitute  a  fireproof  build- 
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ing  is  not  available  since  it  is  in  most  cases  a  matter  of  individual 
opinion.  A  general  rule  which  is  useful  as  a  basis  of  classification 
is  that  fireproof  construction  assumes  that  the  bearing  and  supporting 
members  of  a  building  are  non-combustible,  usiuilly  brick,  concrete, 
iron,  or  steel.  In  other  words,  the  walls,  columns,  girders,  beams, 
and  the  filling  between  tlie  beams  are  of  these  materials.  This 
much,  at  least,  constitutes  the  essentials.  Whether  the  iron  work 
is  protected  or  not,  or  the  vertical  shafts  through  the  building  are 
also  of  fireproof  construction,  or  the  roof  is  an  ordinary  wood  roof, 
appear  to  be  details  affecting  the  degree  of  fireproof  construction. 

Concrete  Building.  Concrete  buildings  are  much  more  com- 
mon in  Europe  than  in  the  United  States,  but  the  number  here  is 
rapidly  increasing.  In  most  cases,  steel  is  used  in  connection  with 
the  construction,  so  that  concrete  buildings  are  already  sub-classi- 
fied under  the  heading  of  reinforced  concrete.  A  strictly  concrete 
building  meets  the  requirements  of  fireproof  construction  and  ac- 
cordingly must  be  classed  as  a  fireproof  building,  but  for  purposes  of 
distinction,  it  is  perhaps  better  to  put  them  in  a  separate  class. 

Concrete  buildings  have  the  walls  built  of  concrete  with  or 
without  reinforcement,  thereby  replacing  the  brick  walls  of  the 
ordinary'  building  and  the  steel  frame  of  the  fireproof  building. 
They  also  have  the  interior  construction,  such  as,  columns,  girders, 
beams,  floors,  and  partitions,  of  concrete,  thereby  taking  the  place 
of  wood,  steel,  hollow  tile,  or  other  building  materials  which  are 
used  in  the  other  types  of  buildings. 

BUILDING  MATERIALS 

A  knowledge  of  the  essential  features  of  the  more  important 
building  materials  is  necessary  in  order  prop)erly  to  describe  build- 
ing construction  according  to  the  requirements  of  Fire  Insurance. 

Brick*  Bricks  are  made  of  a  mixture  of  clay  and  sand,  which 
is  moulded  into  the  desired  sizes  and  shapes,  then  dried  and  burnt 
to  a  proper  hardness  in  a  kiln.  Bricks  are  classified  as  follows: 
common  brick,  which  is  used  for  ordinary  building  purposes;  face, 
OT  front  brick,  which  is  a  finer  grade  of  brick  used  for  front  walls; 
fire  brick,  which  is  made  of  special  clays  and  used  for  lining  furnaces, 
chimneys,  and  other  places  where  excessive  heat  is  a  condition; 
glazed,  or  enameled  brick,  which  is  used  for  lining  bath  rooms,  ele- 
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vator  and  stair  shafts,  and  other  places  where  a  smooth  and  water- 
proof surface  is  desired. 

Bricks  are  inade  in  various  sizes,  the  standard  size  for- ordinary 
brick  being  8} X 4X2 J  inches,  and  for  face  brick  being  8iX4jX2i 
inches,  Fig.  2.  English  brick  comes  in  different  sizes  from  this,  and 
in  various  parts  of  the  country  other  sizes  may  be  found.  Good 
brick  should  be  sound,  free  from  cracks,  flaws,  stones,  and  lumps; 
it  should  be  hard  and  well  burnt,  red  in  color,  and  give  a  ringing 
sound  when  struck  with  a  trowel. 

Sand.  Sand  for  building  purposes  should  be  clean,  sharp,  gritty, 
and  free  fnan  dirt,  loam,  clay,  earthy  matter,  and  large  stones.    The 
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fineness  of  sand  is  determined  by  standard  samples  kept  in  building 
departments  having  jurisdiction. 

Mortar.  Mortars  art*  of  two  kinds:  lime  mortar  and  cement 
mortar.  Lime  Mortar  usually  consists  of  one  part  of  lime  and  not 
more  than  four  i)arts  of  sand.  Lime  as  used  for  a  building  material 
is  made  by  the  calcination  (heating  to  redness)  of  limestones.  Good 
lime  should  be  well  burnt,  and  free  from  cinders  and  clinkers;  it 
should  come  in  the  shape  of  hard  lumps  with  little  dust,  and  should 
slake  readily  in  water,  forming  a  smooth  paste. 

Cement  mortar  is  usually  made  of  one  part  of  cement  and  three 
parts  of  sand.  It  should  l)e  useil  immediately  after  mixing.  The 
cement  and  the  sand  should  he  measure<l  and  thoroughly  mixed 
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before  water  is  added.  Cement  to  be  in  proper  condition  should 
be  finely  ground  and  free  from  lumps. 

Two  kinds  of  cement  are  used:  Portland  cement  and  natural 
cement.  Portland  cement,  which  receives  its  name  from  its  resem- 
blance to  Portland  stone,  a  well-known  English  building  sfone,  is  a 
manufactured  cement  made  by  mixing  carbonate  of  lime,  alumina, 
silica,  and  iron.  As  compared  to  natural  cement,  it  is  slow  set- 
ting, but  has  much  greater  strength.  Natural  cement  is  made  from 
a  natural  rock,  and  sets  very  quickly,  but  is  not  as  strong  as  the 
other  cement. 

The  distinction  between  Portland  and  other  cements  in  some 
places — ^New  York  City  for  instance — is  determined  not  by  their 
manufacture,  but  according  to  the  way  they  meet  specific  tests  of 
their  tensile  strength. 

Cement  mortar  is  used  for  mason  work  below  grade,  for  con* 
struction  work  in  damp  places,  and  for  heavily-loaded  piers  or  walls. 

Cement  and  lime  mortar  is  usually  made  of  one  part  of  lime,  one 
part  of  cement,  and  not  more  than  three  jmrts  of  sand  to  each  of  the 
other  two. 

Concrete.  Concrete  is  an  artificial  stone  or  rock  made  by 
uniting  broken  stone,  gravel,  cinders,  or  other  aggregates,  as  the  pieces 
are  called,  by  means  of  cement  or  lime,  which  is  the  binding  or 
solidifying  element.  The  proportions  of  aggregates  and  binding 
dements  vary  greatly.  The  New  York  Building  Code,  for  instance, 
requires,  for  concrete  foundations,  at  least  one  part  of  cement,  two 
parts  of  sand,  and  five  parts  of  broken  stone,  or  in  place  of  stone  the 
same  proportion  of  sand. 

Building  Stones.  The  principal  building  stones  likely  to  come 
under  the  notice  of  Fire  Insurance  men  are  the  following: 

Granite.  Granite  is  a  hard  and  grainy  or  granular  stone  com- 
posed of  quartz,  feldspar,  and  mica. 

Gneiss.  Gneiss  is  a  bastard  granite  used  in  some  places  for 
foundations,  its  special  characteristic  being  the  arrangement  of  its 
ingredients  in  parallel  layers. 

Limestone.  Limestone  is  composed  of  carbonate  of  lime  and 
^  used  for  exterior  or  face  walls. 

Marble.  Marble  is  a  crystallized  limestone,  capable  of  taking 
^good   polish.      In    the    form   of    rough    surfaced    blocks    it    is 
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adaptaMe  for  exterior  walb  of  buildings  and,  when  sawed  into 
thin  slabs  and  polished,  it  is  much  used  for  decorative  or  omameD- 
tal  purposes  on  the  interior  wall  and  partition  surfaces  of  the 
building. 

SandsUme.  Sandstone  is  composed  of  grains  of  sand  cemented 
or  bound  together  by  silica,  oxide  of  iron,  carbonate  of  lime,  or 
other  substances.  In  New 
York  City,  especially,  brown 
sandstone  was  used  very 
extensively  at  one  time, 
and  a  large  number  of 
buildings  at  the  present 
day  show  the  use  of  this 
stone. 

SlaU.    Slate   is  used   for 
roof  coverings  and  the  treads 
,  ^^^  landings  of  sturs. 

Note.— Although  building  stonwt  Brr,  ot  coursr,  not  an  inflamouble 
material,  yet  their  di^poHition  lo  rrack  and  Hpall  under  the  influeoi^e  of  fire 
makcD  them  very  eaoily  dsmugfuble,  beyond  repair,  by  heat  and  flame. 

Stone  Work.  Stone  work  in  building  operations  is  distinguished 
or  classified  as  follows: 

Rubble  Stone.  Rubble  stone,  Fig.  3,  is  n)ugh  uncut  stone  used 
on  the  outside  walls  of  buIkliiiRs. 

Ashlar,  Ashlar,  Fig.  4,  is  cut  stone  used  fur  the  outside  facing 
of  a  wall,  and  is  furnishetl  plain,  axed,  or  ornamental. 

Quoiiui.    Quoins  are  stones  used  at  the  corners  of  abuilding,  Fig.3. 

Jambs.     Jambs  are  stones  at  the  sides 

I  1  of  a  door  or  window  opening. 

I       I        '      ,        ■'      ■.■-         Trimmirigs.    Trimmings  is  a  term  si^ 

^      I  I  I        plied  to  the  small  stones   used,  such  as 

moldings,  caps,  lintels,  sills,  ornamental 

(-ourses,  and  other  stone  work,  excepting 

ashlar. 

Sills.    Sills  are  stones  placed  at  the 
Ixittorn  of  a  window  opening  in  a  stone 
or  brick  wall,  as  well  as  at  the  doorstep  or  threshold  of  a  door  ' 
opening. 


rrr 


CONSTRUCTION  OF  BUILDINGS 


lAideU.    Liatek  are  the  stones  over  door  or  window  openings. 

Bond  Stone.  Bond  stone  is  the  stone  used  at  intervals  in 
picta. 

Cap  Stone.  Cap  or  crown  stone  is  the  stone  placed  at  the  top 
of  a  pier. 

Key  Stone.    Key  stone  is  the  stone  at  the  center  of  an  arch. 

Templates.  Temphites  are  stones  used  to  f^ve  a  bearing  or  rest 
under  the  ends  of  beams  or  girders  in  order  to  dbtribute  the  weight 
or  pressure  evenly. 

r«rra  Cotta.  Terra  cotta  is  a  material  very  much  in  use  and 
more  generally  called  tile  or  clay.  It  is  made  of  practically  the  same 
material  as  brick. 

The  clay  from  which  terra  cotta  is  made  is  first  mined,  then  put 
through  certain  processes,  moulded  and  carved  to  the  desired  shape, 
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form,  or  design,  and  then  dried  and  burnt.  Terra  cotta  blocks  or 
hollow  tile  blocks.  Fig.  5,  are  formed  into  the  shape  of  a  hollow  shell, 
which  is  connected  and  braced  by  partitions  or  ribs.  Terra  cotta 
is  used  for  decorative  pieces,  while  the  tiles  or  blocks  are  especially 
used  to  make  floor  arches  or  floor  constructions  and  partitions  of 
fireproof  character,  Figs.  6  and  7. 

Lumber.  Lumber  as  a  building  material  can  be  described  briefly 
according  to  the  kind  of  wood  and  its  uses,  as  follows : 

For  the  light  framing  of  buildings,  such  as  dwellings  and  tene- 
ntents:  spruce,  white  pine,  nortA«m  yeliow  pine,  and  hemlock. 
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For  die  heavy  framing,  such  as  posta,  girders,  and  beams: 
Georgia  pine,  Oregon  pine,  and  ithite  oak. 


Fil.  0.     Til«  Bli 


For  sash,  doors,  and  base,  for  veneers,  and  for  woodwork  which 
s  to  be  painttil:  irhite  pine,  poplar,  or  ukife  leood. 
For  flooring:  tikitc  oak,  maple,  and  Georgia  pine. 


The  standard  sizes  of  building  Iiiml)er  are  as  follow-a:  Framing 
timber,  even  sizes  4X6,  iiXS,  lOX  V2  inches;  floor  joiati  and  pianka,  ' 
2,  3,  4  inches;  flooring,  1  inch,  ;,  1  J,  IJ. 
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Veneer.    A  veneer  is  a  thin  strip  or  sheet  of  wood  cut  from  a 
log  by  a  shaving  machine,  capable  of  cutting  30  strips  to  the  inch. 
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Fig.  0.     Foundation  with  Stone 
Baae-SUb 


FOUNDATIONS 

Foundations  for  Fire  Insurance  purposes  are  limited. to  those 
above  ground,  Figs.  8,  9,  and  10,  caisson  and  pile  work  not  being 
considered. 

Soils.  The  ground  or  earth 
on  which  foundations  rest  is  gen- 
erally called  soily  and  is  classified 
or  distinguished  as  follows:  Soft 
day,  clay  and  sand,  loam  and  clay 
or  loam  and  sand,  coarse  sand,  stiff 
gravel  or  hard  clay,  and  rock. 

The  bearing  or  sustaining 
power  of  the  different  soils  is  de- 
scribed in  terms  of  loads  of  one  ton  per  square  foot  of  superficial 
surface.  Table  I  gives  bearing  capacities  as  taken  from  the  Model 
Building  Code  of  the  National  Board  of  Fire  Underwriters. 

TABLE  1 
Bearing  Capacities 


Fig.  10.     Foundation  with  Concrete  Base-Slab 


Material 


Soft  clay 

Ordinary  clay  and  sand  together,  in  layers,  wet  and  springy 

*Loam,  clay,  or  fine  sand,  firm  and  dry 

Very  firm,  coarse  sand,  stiff  gravel,  or  hard  clay 

♦Or  as  otherwiae  determined  by  the  Commissioner  of  Buildings. 


Load  per 
Squarb  Foot 


1  ton 

2  tons 

3  tons 

4  tons 
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WhcD  a  doubt  arises  as  to  the  safe  sustaining  power  of  the 
earth  upon  which  a  building  is  to  be  erected,  it  is  customary  for 
borings  to  be  made  or  tests  made  of  the  soil. 

WALLS  AND  PIBKS 

For  fire  Insurance  purposes  the  importance  of  a  thorou^ 
knowledge  of  walls,  piers,  and  columns  cannot  be  overstated.  They 
are  not  only  a  great  factor  in  preventing  a  collapse  or  total  destnio- 
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tjon  of  a  building,  but  the  walls  must  be  built  to  contain  a  fire  witlun 
themselves,  as  well  as  to  keep  out  a  fire  from  the  adjoining  building 
by  preventing  the  heat  from  passing  through  the  adjoining  walls. 
In  the  study  of  walls,  the  first  step  should  be  to  find  out  how  a 
wall  is  built.    This  may  be  observed  at  almost  every  building  opep- 

„_______—_      ation,  but  for  present  pui^ 

poses  it  may  be  stated  that 
a  wall  is  started  from  the 
foundations,  carried  to  the 
height  of  the  building,  and 
then  carried  a  few  feet  higher 
in  order  to  make  the  parapet 
As  the  wall  is  erected  ftum 
floor  to  floor,  all  openings 
for  doors,  windows,  flues,  re- 
cesses, and  channels  are  made  in  the  brickwork. 

The  strength  of  walls  or  the  bearing  capacity  is  established  by  the 
building  laws  in  force  where  the  building  is  being  erected.  The  thick- 
□ess  of  the  walls  and  the  materials  composing  them  are  defined  sc- 
cordinK  to  the  purpose  and  the  use  to  which  the  building  will  be  put 
The  specifications  for  walb  have  practically  been  standardized 
and  can  be  found  by  reference  to  the  National  Board  Building  Code 
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Fig.  13.     Another  Form  of  Brick  Window  Arch 


or  other  building  laws.  The  points  of  a  good  wall  are:  brickwork 
well  done,  that  is,  good  workmanship;  good  mortar  used;  good  bricks 
used;  and  walls  built  to  a  line 
and  carried  up  plumb  and 
straight  and  with  proper  bond- 
ing or  anchoring. 

Bonding  b  a  method 
of  lading  bricks  so  as  to 
avoid  vertical  joints  through- 
out a  section  of  the  wall. 
Bricks  are  laid  as  stretchers 
or  headers,  Fig.  11,  the  headers  being  the  bricks  with  their  small 
ends  facing  out.  Each  layer  of  brick  is  spoken  of  as  a  course,  and  to 
give  a  good  bonding  for  the 
wall  as  a  whole,  the  usual 
rule  is  that  every  sixth  course 
shall  be  a  header  course. 

Walls  are  anchored,  either 
by  being  bonded  into  another 
waU,  or  by  the  use  of  wrought- 
iron  tie  anchors  put  in  place 
at  every  six  feet. 

A  good  waU  requires  that  the  area  of  openings,  such  as  doorways, 
windows,  flues,  recesses,  and  channels,  shall  be  kept  as  low  as  possible, 
because  they  reduce  the 
strength  of  the  wall.  A  safe 
limit  for  wall  openings  is 
placed  at  30  per  cent  of  ihe 
whole  area,  unless  the  wall  b 
extra  thick  or  strengthened  by 
pier  or  pilaster  construction. 

The  use  of  timber  in 
walb  b  not  considered  good 
practice.  For  the  top  of 
windows  and  doorways,  it  b  better  to  have  the  brickwork  arched, 
Figs.  12  to  15  inclusive,  or  the  lintels  that  are  put  in  place  should 
be  of  stone,  iron,  or  steel.  Another  point  of  good  practice  is  the 
use  of  templates  to  carry  girders  and  beams. 


Fig.  14.     Keyed-In  Brick  Lintel 


Fig.  15.     Combination  Brick  and  Wood 
Window  Arch 
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Walls  are  classified  and  described  as  bearing  and  nonrbearing  walls. 

Bearing  Walls.  Bearing  walls  are  those  on  which  the  beams, 
girders,  or  trusses  rest.  They  are  further  distinguished  as  inde' 
pendent  and  party  walls.  Independent  walls  are  those  which  are 
used  by  only  one  building,  that  is,  they  carry  only  one  set  of  beams 
or  girders.  Party  walls  are  those  used  by  two  buildings,  that  is,  they 
carry  two  sets  of  beams  or  girders,  one  set  on  each  side  of  the  wall. 

Non-Bearing  Walls.  Non-bearing  walls  are  those  which  sup- 
port only  their  own  weight,  that  is,  no  beams  or  girders  rest  upon 
them.    Special  types  of  non-bearing  walls  are  as  follows: 

Curtain  Walls,  Curtain  walls  are  those  walls  which  are  built 
in  between  piers  or  columns,  but  not  carried  on  girders  or  horizontal 
supports. 

Enclosure  Walls,  Enclosure  walls  are  those  walls  which  are 
built  in  between  piers  or  columns,  and  are  carried  on  girders  from 
floor  to  floor.  This  is  the  usual  wall  construction  for  the  out- 
side walls  of  fireproof  buildings  which  are  built  of  a  steel  frame  or 
cage. 

Division  Walls,  Division  walls  are  those  walls  which  are  built 
within  the  interior  of  a  building,  usually'  running  fore  and  aft  or  some- 
times across  the  building.  They  divide  a  building  into  sections  and 
in  many  cases  are  erected  where  the  distance  between  the  outside 
walls  is  too  wide  to  be  spanned  by  l>eams  or  girders.  A  standard 
division  wall,  according  to  Fire  Insurance  requirements,  should  ex- 
tend  from  the  basement  to  the  roof  and  have  a  parapet  above  the 
roof. 

Parapet  Walls,  Parapet  walls  are  the  extension  of  walls  above 
the  level  of  the  roof.  For  dwelling  buildings  they  are  carried  two 
feet  above  the  roof  and  are  built  8  inches  in  thickness.  For  com- 
mercial or  manufacturing  buildings,  parapet  walls  are  carried  3  feet 
above  the  roof  and  are  constructed  12  inches  in  thickness.  All 
parapet  walls  should  be  coped  with  stone,  terra  cotta,  or  cast  iron. 

Measurement  of  Wails.  In  measuring  walls  or  stating  the 
thickness  or  dimensions  of  walls,  it  is  the  accepted  Fire  Insurance 
practice  to  give  the  measurements  from  the  first  story  to  the  roof 
inclusive;  that  is,  the  basement  or  foundation  measurements  are 
seldom  called  for.  The  thickness  of  walls  at  each  story  is  given,  and 
when  a  wall  is  faced  with  stone — what  is  called  ashlar — the  stone  is 
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counted  in  the  thickness  of  the  wall  only  if  it  is  8  inches  thick  and 
bonded  into  the  hacking  or  the  wall  propei. 

When  hollow  briclcs  are  used  on  the  inside  of  the  wall,  they 
count  in  the  thickness  of  the  wall,  if  they  are  hard  burnt  and  the 
same  size  and  dimensions  of  ordinary  brick.  Terra  cotta  or  hol- 
low-tile blocks,  used  for  furring  purposes,  I^g.  16,  should  not  be 
counted  in  giving  the  thickness  of  the  wall. 

Piers.  Piers  are  built  of  brick  or  stone.  It  is  usual  to  require 
the  use  of  cement  mortar,  and  to  require  the  placing  of  bond  stones 
or  bond  pUtes  of  iron  on  piers  at  regular  distances  in  order  to  pro- 
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duce  an  even  bearing  surface.  Cap  stones  or  iron  plates  are  also 
required  for  piers. 

Piers  are  described  as  isolated  piers  and  waU  piers.  Isolated 
piers  are  virtually  brick  columns  standing  alone  and  are  generally 
used  as  foundation  supports  for  iron  columns  above.  Wall  piers  are 
{tactically  extra  thick  sections  of  a  wall  at  the  places  where  beams, 
girders,  columns,  or  arches  rest. 

A  spedal  feature  of  piers  from  a  Fire  Insurance  standpoint  is  the 
protection  for  the  bond  and  cap  stones.  Such  stones  are  especially 
liable  to  be  damped  by  fire  so  that  they  disintegrate  sufficiently  to 
destroy  the  value  of  the  pier  as  a  foundation  support  and  cause 
settlement  of  the  supporting  columns  above.  It  is  customary 
ID  many  places,  tber^ore,  to  install  fire  protection  for  the  stones  in 
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{Hen.  Tliis  protection  b  similar  to  the  protection  for  steel  woik 
and  usually  consbts  of  win,  lath,  and  cement  or  concrete  to  the 
depth  of  2  inches  at  least. 

FLOOR  CONSTRUCTION 
A  building  whose  floors  or  roofs  are  supported  directly  on  the 
outside  walls  b  a  simple  form  of  weight-bearing  construction,  called 
wall-and-beam  construction, 
llie  horizontal  support  of 
the  building  b  by  means  of 
beams,  the  ends  of  whidi 
rest  on  brick  walb  at  the 
side,  which,  in  turn,  furnish 
the  vertical  support. 

As  the  maximum  load 
which  wood  beams  can  safely 
sustain  in  proportion  to  their 
length  b  quickly  reached, 
wall-and-beam  construction 
is  limited  to  narrow  widths 
or  spans,  which  means  that  if  no  other  method  were  available, 
buildings  would  be  narrow,  because  there  would  have  to  be  a  wall 
about  every  25  feet.  The  necessity  of  using  bearing  walls  may  be 
avmded,  however,  by  means  of  the  column-and-girder  form  of  con- 


Fif .  17.     Floor  Pli 
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^f .  IS.     Form  of  Joiat 

stniction,  involving  the  use  of  columns  or  posts  as  vertical  sup- 
ports and  girders  as  horizontal  supports,  the  two  in  combination 
having  practically  the  same  duty  as  a  brick  wall. 

Beams.    A  beam,  or  joist  as  it  is  sometimes  called,  b  a  horizon- 
tal bearing  member  or  part  of  a  building,  which  extends  from  wall 
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to  wall,  or  from  wall  to  girder,  or  from  girder  to  girder.    It  is  the 

usual  support  for  a  floor,  Fig.  17.    In  constructing  a  fioor  the  beams 

which  are  set  on  edge  with  the  ends  resting  on  whatever  bears  them, 

Figs.  IS,  19,  and  20,  are  kept  upright  by  braces  placed  between  them 

in  the  fashion  of  a  cross,  this  cross-work 

being  known  as  bridging.  Fig.  21.     In 

some  cases  the  ends  of  the  beam  are 

hung  in  hangers  or  irons,  called  atimtp 

iront.     In  other  cases,  the  beam  is  set 

into  the  girder  by  cutting  out  a  space 

for  it,  a  method  known  as  tenoning. 

The  setting  or  bearing  spaces  for 
beams  are  usually  placed  at  4  inches, 
that  is,  the  end  of  the  beam  for  a  distance  of  4  inches  must  rest  on 
a  bearing  place.  The  size  and  thickness  of  beams  vary  according 
to  the  weight  that  they  must  bear;  however,  beams  less  than  3 
inches  thick  are  not  considered  safe.  The  depth  or  height  of  the 
beam,  when  placed  on  edge,  will  _ 

var>'  from  8  inches,  which  is  the 
dimension  used  for  roof  beams, 
up  to  16  inches  or  more,  which 
is  the  dimension  used  for  regular 
floor  construction.  A  fireproof  fiUing  b  sometimes  used  between 
beams  to  deaden  sounds  and  to  increase  the  fire-resistance  of  the 
floor.  Fig.  22. 

St^'Rdasting  Bearra.  For  Fire  Insurance  purposes  it  is  desirable 
to  have  the  floor  of  a  building,  when  it  collapses,  fall  without  also 
pulling  down  the  walls  or  vertical 
supports.  It  is  evident  that  a 
beam  whose  end  is  a  right  angle, 
when  forced  downward  would 
tear  out  a  number  of  bricks  and 
crack  or  unsettle  several  courses 
of  brick  as  well.  If  this  happened  with  a  number  of  beams  close 
together  or  at  the  same  time  it  might  tear  out  a  sufficient  section  of 
the  wall  to  cause  a  buckling  or  settling  of  the  whole  wall  or  at  least 
a  large  pcHlion  of  it.  To  prevent  thb,  or  at  least  to  reduce  the  dam- 
age to  a  minimum,  it  is  customar>'  to  cut  the  end  of  a  beam  which 
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is  placed  in  a  brick  wall,  on  a  diagonal  or  bevel,  so  that  if  a  beam 
does  pull  out,  it  will  unsettle  only  a  small  part  of  the  brickwork. 
It  is  the  bevel  of  the  end  of  the  beam,  therefore,  that  is  known  as  the 
self-releasing  feature. 

Bjeavis  in  Party  Wall.  Fire  Insurance  is  greatly  concerned 
with  the  possibility  of  fire  passing  from  one  building  into  another 
through  the  side  walls.  In  the  case  of  two  independent  walls,  the 
danger  is  much  reduced,  not  only  because  the  two  walls  are  thicker 
than  a  single  wall  and  because  there  is  a  clear  line  or  space  between 
the  walls,  but,  in  addition,  there  is  a  certain  amount  of  brickwork 
between  the  ends  of  the  beams  in  one  building  and  the  ends  of  the 
beams  in  the  other  building.  In  the  case  of  a  party  wall,  however, 
the  condition  is  not  so  favorable,  because  the  l)eams  in  one  building 
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Fij;.  23.     Mcthod^  of  Trussing  Wood  Girders 

can  be  placed  close  to  the  beams  in  the  other  building,  not  only  by 
putting  the  beams  end  to  end  if  the  wall  is  wide  enough  to  have 
suflBcient  bearing  for  each  beam,  but  also  by  staggering  the  beams. 
In  the  latter  case  the  beams  of  one  building  will  be  placed  in  the 
spaces  between  the  beams  of  the  other  building,  so  that  the  ends 
overlap,  which,  in  case  of  a  fire  which  is  not  hot  enough  to  have  the 
heat  penetrate  the  walls,  results  in  the  beams  of  the  adjoining  build- 
ing also  beginning  to  bum,  thus  carrying  the  fire  from  one  building 
to  the  other.  This  is  a  very-  important  matter  from  a  Fire  Insurance 
standpoint,  and  a  rule  has  been  adopted  requiring  at  least  4  inches 
of  brickwork  between  the  ends  of  beams  in  party  walls. 

Beams  on  Stud  Partitions,  Except  in  the  case  of  frame  build- 
ings, which  are  built  to  specifications  calling  for  beams  to  rest  on 
stud  partitions,  this  practice  is  not  permitted. 

Beams  Anchored  to  Walls,  It  is  customary  to  anchor  each 
tier  or  floor-set  of  beams  to  the  walls  at  intervals  of,  say  6  feet,  by 
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the  use  of  wrought-iron  anchors.  This  anchor  consists  of  a  strap 
or  plate  of  iron,  one  end  of  which  is  bolted  or  nailed  to  the  side  of 
the  beam,  while  the  other  end  holds  in  a  vertical  position  an  iron  rod 
around  which  the  bricks  are  laid.  The  result  is  that  any  tendency 
of  the  beam  to  pull  out,  or  of  the  wall  to  fall  away  from  tlie  beam 
causes  a  reverse  pull  and  thereby  strengthens  the  uprightness  of  the 
whole  building. 

Beams  on  Girders,  When  beams  are  placed  on  girders,  it  is 
usual  to  place  the  butt  ends  of  the  beam  together  and  strap  them  as 
described  for  anchoring,  or  allow  them  to  overlap  each  other  for  a 
distance  of,  say  12  inches,  and  spike  or  bolt  them  together. 


Fig.  24.     Composite  Girder  Known  as  the  Flitched  Girder 

Beam  Specifications.  The  proper  description  of  beams  in  a 
Fire  Insurance  report  would  give  the  width  and  depth  of  the  beam, 
the  width  of  the  span,  the  spacing  of  the  beams  from  center  to  cen- 
ter, and  the  kind  of  wood  composing  the  beam.  It  should  also  state 
the  presence  of  bridging,  the  distance  of  the  bridging,  the  beveling 
of  the  ends — ^the  self-releasing  feature — and  the  anchoring  of  the 
beams  to  the  walls. 

Qirders.  A  girder  is  a  horizontal  bearing  member  of  larger 
size  and  dimension  than  a  beam,  and  extends  from  wall  to  wall, 
wall  to  colunm,  or  column  to  column.  It  is  used  to  support  a 
section  of  the  wall,  usually  at  an  opening,  or  to  carry  the  floor 
beams. 

Bearing  of  Girders.  Girders  are  set  either  on  cap  stones,  or, 
when  the  girders  rest  upon  waUs  or  piers,  on  cast-iron  plates.  WTien 
the  girders  rest  on  colunms,  a  cap  plate  of  iron  is  provided. 
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Girder  Specificatiom.  The  proper  description  of  girders  in  a 
Fire  Insurance  report  would  give  the  width  and  depth,  width  of  span, 
the  spacing,  the  kind  of  wood,  and  what  the  girder  supports. 

Types  cf  Girders.  Girders  are  made  single,  double  or  triple. 
Wood  girders  that  are  made  from  a  single  log  are  sometimes  called 
single-stick  members,  and  are  often  trussed  as  in  fig.  23,  to  give 
added  strength.  Composite  girders  consist  of  two  or  three  timbers 
fastened  together.  A  special  t^'pe  of  girder — ^known  as  ihefliiched 
girder t  Fig.  24 — consists  of  two  thicknesses  of  wood  with  an  iron 
plate  between,  and  the  three  pieces  bolted  together. 

The  principal  office  of  girders  is  to  support  floor  beams.  When 
resting  on  walls,  they  are  made  self-releasing  in  the  manner  de- 
scribed for  beams,  and  when  resting  on  columns  and  coming  end  to 
end,  they  are  strapped  or  fitted  into  each  other  by  dove-tailing  or 
overlapping  as  just  described  for  beams. 

ROOP  CONSTRUCTION 

Roof  as  a  Fire  Hazard.  The  roof  or  cover  of  a  building  plays 
a  much  greater  part  in  case  of  fire  than  is  generally  considered.  The 
liability  of  a  wooden  roof  or  cornice  taking  fire  from  an  adjoining  or 
nearby  burning  building  is  very  evident,  and  such  a  roof  is  a  stand- 
ing invitation  to  fire  to  enter  a  building. 

As  against  this  outside  exposure  to  fire,  there  is  to  be  considered 
the  danger  inside  the  building.  In  this  case,  the  firemen  are  assisted 
or  handicapped  according  as  they  can  or  cannot  readily  cut  through 
the  roof  to  let  out  the  smoke  and  heat,  an  operation  which  firemen 
call  opening  up  a  building,  and  which  is  one  of  the  most  important 
in  the  work  of  putting  out  a  fire,  as  it  decides  to  a  great  extent  the 
ability  of  the  firemen  to  take  hose  lines  close  to  a  fire. 

In  this  particular  the  tin  roof,  all  things  considered,  b  probably 
the  best,  for,  when  necessary,  the  firemen  can  easily  chop  holes  in 
it  or  cut  it  up,  and  yet  it  offers  quite  as  much  protection  against 
brands  or  sparks  as  the  earthem  roofs  and  without  having  the 
objection  of  their  greater  weight.  The  tin  roof  is  also  preferable  to 
the  slag,  gravel,  or  composition  roofs,  for  these  have  been  known 
to  make  serious  fires  in  themselves,  frequently  worse  than  the  fire 
inside  the  building,  and,  in  some  cases,  have  been  responsible  for 
extra  fire  alarms  being  turned  in. 
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A  study  of  roofs,  bxtm  a  Fire  Insurance  standpoint,  should  in- 
clude the  framing  or  supporting  part  of  a  roof,  the  covering  or  out- 
side surface,  the  various  types  of  roofs,  the  structures  built  upon, 
or  resting  upon  roofs,  the 
roof  space,  and  the  cornice. 

Flat  Roof.  From  a 
construction  standpoint,  a 
flat  roof  is  simply  another 
fioor  of  the  building,  and 
like  other  floors,  consists  of 
the  supporting  beams,  and 
the  boarding  which  is  placed 
on  these  beams.  Further- 
more, as  a  roof  must  be 
weatherproof,  it  b  custom- 
ary to  cover  the  roof  boards 
with  some  water-proof  ma-' 
tertal,  and  provide  the  proper  drainage  so  that  the  water  will  not 
coltect  in  poob  on  the  roof. 

Id  order  to  dr^n  a  roof,  it  is  necessary  to  ^ve  it  a  pitch,  i.  e,, 
put  the  roof  surface  on  an  angle;  but  as  the  ceiling  of  the  top  floor 
should  be  level  like  the  ceilings  of  the  other  floors,  the  roof  must 


A  LMD-to  Form  of  Roof 
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«(  necessity  be  built  up  to  a  varyins  height  according  to  the 
uiount  of  pitch  in  order  to  accomplish  this  end.  The  result  b 
thit  the  dbtance  between  the  ceiling  of  the  top  floor  and  the  outside 
boards  of  the  roof  will  be  a  matter  of  several  feet  and  thb  extra 
hojht  represents  what  is  called  roof  apace,  blind  attic,  cock  loft,  or 
^ngittf  ceiling.  It  is  especially  important  from  a  Fire  Insurance 
ttaodpoint,  because  if  fire  once  enters,  it  spreads  throughout  the  en- 
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tire  extent  of  the  roof  space  and  is  particularly  difficult  for  the  fire- 
men to  extinguish. 

Pitched  or  Steep  Roof.  The  simplest  kind  of  a  pitched  or 
sloping  roof  is  the  lean-to  roof,  Fig.  25,  which  is  made  by  carrying 
one  wall  sufficiently  higher  than  the  other  to  give  the  required  slope. 
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Fig.  27.     Kinc-Po8t  TruM 

The  most  common  form  of  pitched  or  sloping  roof  is  one  that 
slopes  both  ways,  Fig.  26,  the  highest  part  being  called  the  ridge  and 
the  horizontal  piece  of  timber  forming  the  ridge  being  called  the 
riige  piece  or  ri/lge  tree.  The  timbers,  which  are  placed  in  the  di- 
rections of  the  slope  of  the  roof,  are  called  rafters.  The  double  pitdi 
roof  is  given  some  variety  of  form  by  using  several  slopes  or  varia- 
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Fig.  28.     Qucen-Poat  TruM 

tions  of  pitch.  The  roof  is  ornamented  still  further  by  means  of 
gables  or  dormer  windows,  the  latter  consisting  of  covered  openings 
projecting  from  the  roof  proper. 

Booj  Trusses.  In  the  case  of  roofs  of  short  span,  the  rafters 
have  no  ties  and  are  supported  by  resting  on  the  wall,  and  by  being 
nailed  to  the  ridge  piece. 
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/In  the  case  of  roofs  of  wide  span,  it  is  usual  to  use  a  framing 
known  as  a  truia.  One  type  of  roof  truss  called  the  King-fost  truss. 
Fig.  27,  receives  its  name  from  the  central  upright,  which  is  called 
the  King-post.  Its  horizontal  member  is  called  the  tie-beam,  while 
the  sloping  members  are  called  rafters,  and  the  members  running 
from  the  joint  of  the  tie-beam  and  the  King-post  to  the  rafters  are 
called  slruig. 

Another  type  of  truss  called  the  Queenr-poat  truss,  Fig.  28,  re- 
cavea  its  name  from  the  upright  members  called  Queen-posts. 
Its  structural  members  are  practically  the  same  as  those  of  the  IQng- 
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Fis.  29.    DiunuD  ot  Hip  of  Root 


post  truss,  except  for  the  horizontal  member  which  is  called  the 
collar  beam. 

TTie  hip  of  a  roof  is  an  angle  made  when  a  building,  instead  of 
having  a  gable,  has  the  roof  returned  around  the  end  of  the  build- 
ing, Fig.  29. 

A  vailey  b  formed  when  two  roof  surfaces  meet  together  and 
form  an  internal  angle. 

TTie  «iw»  or  the  cornice  of  a  building  is  where  the  roof  connects 
irith  the  walls.  They  usually  project  to  a  greater  or  less  extent  so 
as  to  carry  off  the  rain-water  through  spouts  leading  to  the  ground. 
A  cornice  is  really  an  ornamental  Snisb  for  the  eaves. 

He  fiaakinga  of  a  roof  are  the  strips  of  metal  fastened  at  the 
base  of  all  chimneys  and  other  openings  or  projections  in  a  roof  in- 
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eluding  parapet  walls  to  prevent  the  possibility  of  leaks  at  these 
points.  They  are  bent  upward  against  the  vertical  part  of  the 
projection,  are  brought  down  under  the  roof  covering,  and  nailed 
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FiR.  30.     Iron  aDci  W(K>d  Trujw  with  Wood  Tic-Beam 

to  the  roof  boards.    Another  pitKX?  of  metal  called  the  center  flashing 
is  secured  and  brought  down  over  the  n)ofing. 

Roof  trusses  are  often  constructed  of  a  combination  of  wood  and 
iron,  the  in)n  members  in  such  cases  l)eing  those  in  tension;   iron 
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FiR.  31.     Iron  and  Wood  Truss  with  Iron  Tie- Rod 

rods  are  substituted  for  the  wooden  tie-beams  and  King-posts,  Figs. 
30  and  31.  Iron  trusses  are  extensively  used  in  place  of  wooden 
trusses  for  carrying  the  roofs  of  such  buildings  as  warehouses,  sheds, 
workshops,  railroad  stations,  etc.,  where  open  roofs  are  preferable 
to  ceiled  roofs.  Trusses  of  this  kind  shown  in  outline  in  Fig.  32 
consist  largely  of  wrought  iron  or  steel,  although  cast  iron  is  fre- 
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quendy  employed  for  stmts  and  connections.  In  the  construction 
of  iron  roof  trusses,  the  most  suitable  form  for  the  principal  rafters 
is  the  T  iron;  for  the  struts,  angle  iron,  channel  iron,  flat  bar  iron,  or 
cross  iron  may  be  used,  Fig.  33. 


Fig.  32.     DiAgrams  of  Truaa  Forms 


Mansard  Roofs.  A  roof  of  special  Fire  Insurance  unportanoe 
is  called  the  Mansard  roof.  This  could  properly  be  called  a  Man- 
sard floor,  because  it  is  in  reality  an  additional  floor  built  on  top 
of  the  building.    When  it  is  considered  that  Mansard  construction 
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Fig.  33.     Sectional  Forms  of  Structural  Iron 


is  alwa^'s  frame,  this  becomes  important  in  connection  with  buildings 
which,  in  all  other  respects,  might  be  considered  hruk  buildings. 
In  other  words,  it  is  a  frame  floor  on  top  of  a  brick  building. 

In  a  similar  way,  dormer  windows,  gable  windows,  or  roofs 
whidi  have  a  high  peak  or  gable  are  noteworthy  from  a  Fire  Insur- 
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ance  standpoint,  when  they  are  of  frame  construction  and  placed 
on  top  of  brick  buildin^^. 

Roof  Structure.  Hoof  structure  is  the  general  term  applied  to 
an  addition  to  the  roof  of  a  building,  such  as  a  cupola,  a  tower,  a 
steeple,  or  enclosures  of  various  kinds.  They  are  practically  sep- 
arate rooms  in  themselves.  A  bnlkheud  is  a  special  term  given  to 
the  extension  of  a  shaft,  when  it  is  carried  through  and  above  the 
roof.  Its  purpose  is  to  make  the  shaft  form  a  good  outlet,  more  par- 
ticularly for  fire  purposes;  smoke,  heat,  and  flames  can  pass  up 
through  the  shaft  and  into  the  open  air  rather  than  be  stopped  or 
held  down  by  the  roof,  in  which  latter  case  the  fire  must  spread  out 
horizontally,  and  then  work  downward  through  the  building.  Bulk- 
heads are  also  used  for  the  ordinary'  piuposes  of  a  building  ui  order 
to  give  easy  access  to  the  roof. 

G)mice.  The  cornice  of  a  building  is  also  of  Fire  Insurance 
importance,  when  it  is  of  wood  construction,  because  it  represents 
an  additional  amount  of  burnable  lumber,  particularly  if  it  is  con- 
tinuous with  the  cornice  of  adjoining  buildings  or  open  to,  or  con- 
nected with  them  in  such  a  way  as  to  favor  the  easy  passage  of 
fire  from  one  building  to  another.  If  the  cornice  is  of  metal,  and 
is  open  to  the  roof  space  of  the  building,  it  is  also  objectionable  as 
it  Ls  a  means  of  spreading  fire. 

Cornices  are  usually  placed  in  position  only  at  the  front  or 
street  sides  of  a  building,  as  their  purpose  is  chiefly  ornamental,  un- 
less they  also  act  as  a  gutter  to  assist  in  draining  the  roof.  Cor- 
nices are  built  of  wood,  brick,  metal,  or  stone,  are  either  open  or 
boxed,  and  are  separate  or  continuous  with  other  buildings.  A  fire- 
resistant  cornice  should  be  built  of  fire-resistant  material  and  secured 
to  the  walls  without  the  use  of  any  woodwork.  The  best  ty^  of 
cornice  is  of  brick  built  above  the  roof  level  like  a  parapet  wall. 

Lightning-Proof  Roof.  ITie  story  of  fire  losses  ever>^^here  has 
for  years  proved  the  tremendous  importance  of  having  the  roofing 
of  fireproof  quality  to  prevent  the  spread  of  the  conflagration;  in 
fact,  within  the  "fire  limits''  of  all  cities,  only  fireproof  roofs  are 
allowed.  An  added  advantage  possessed  by  metallic  roofing  in 
common  with  clay,  tiles,  slate,  etc.,  is  that  of  being  lightning-proof. 
The  case  of  a  metal-covered  building  or  its  occupants  or  contents 
being  struck   by  lightning,   is  practically   unknown.    The  broad 
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expanse  of  the  metal  covering  and  its  many  metallic  connections 
with  the  earth  oifers  such  a  low  resistance  to  the  enormous  charge 
that  it  is  easily  and  safely  led  to  the  ground;  hence,  the  safety  of  a 
metallic  roof  over  all  others—an  important  advantage. 

ROOFING  MATERIALS 

Roofing  materials  may  be  classified  broadly  as  follows:  (1)  wood 
shingles;  (2)  composition  (coal-tar  and  felt  paper);  (3)  gravel  (slag); 
(4)  terra  cotta  (clay  tiles);  (5)  slate  shingles;  (6)  cement  (pave- 
ments)^  (7)  tin  or  copper  tiles  or  shingles;  (8)  corrugated  iron; 
(9)  sheet  copper;  and  (10)  roofing  tin  (terne  plates). 

Non-Metallic  Roofings.  Wooderi  Shingles.  Wooden  shingles 
are  forbidden  in  many  cities  on  account  of  the  fire  hazard  and  hence 
are  generally  used  in  isolated  positions,  notably  for  detached  country 
houses.  Even  for  this  purpose  their  value  is  decreasing,  for  it  is 
now  almost  impossible  to  procure  the  old-fashioned  heart  cypress 
shingles,  the  present  supply  being  made  of  soft  wood  largely  gotten 
from  saplings  and  limbs,  which  easily  split,  warp,  and  blow  off. 
They  are,  therefore,  deficient  in  endurance,  costly  in  that  they 
frequently  need  repairs,  and  they  lack  stormproof  qualities. 

Slag,  Gravel,  and  Composition.  Slag,  gravel,  and  composition 
are  all  composed  of  pitch  or  tar  and  dry  felt  as  a  base.  They  catch 
fire  easily  and  burn  with  an  almost  unquenchable  flame,  thus  making 
the  fire  hazard  with  this  class  of  roofing  about  the  worst  possible. 
Furthermore,  coal-tar  products  contain  volatile  substances  which 
oxidize  and  evaporate  under  ordinary  temi)eraturcs,  leaving  the 
felt  hard  and  brittle,  and  subject  to  rai)i(l  disintegration.  Manu- 
facturers of  these  roofings  not  only  advise  a  double  coating  when 
first  laid,  but  recommend  re-coatnig  every  three  years.  All  flash- 
ings, valleys,  gutters,  etc.,  are  of  metal. 

TVrra  Cotta  and  Slate  Shingles.  Terra  cotta  and  slate  shingles 
are  used  for  cheap  roofs  only,  and  for  that  reason  arc  of  limited  utility. 
As  they  crack  and  fall  off  under  the  heat,  they  are  objectionable  on 
the  fire  hazard  score;  their  weight  demands  a  very  rigid  support; 
and  they  are  difficult  and  costly  to  lay. 

Cement.  The  use  of  cement  roofing  is  practically  confined  to 
flat  coverings  of  the  great  modern  fireproof  city  buildings,  and,  there- 

•Metal  fl—hingi,  TiUeys,  hips,  guttora,  etc.,  are  alwaya  uaed  with  the  preceding  ma- 
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fore,  really  constitute  pavements  in  mid-air.    Metallic  flashings  are 
invariably  employed. 

Metallic  Roofings.  Tin  or  Copper  Tiles  or  Shingles.  Tin  or 
copper  tiles  or  shingles  are  in  use  to  a  limited  extent. 

Corrugated  Iron,  Corrugated  and  V-crimped  galvanized  iron 
is  used  for  skeleton-iron  factory  buildings  and  sheds,  outbuildings, 
etc.,  with  a  pitch  of  not  less  than  3  inches.  Galvanized  iron 
sheets  are  now  as  staple  as  steel  rails. 

Sheet  Copper,  Copper  is  undoubtedly  the  best  metallic  cov- 
ering, but  its  use  is  limited  because  of  the  cost  of  the  metal  and  the 
cost  of  the  expert  workmen  required  to  lay  a  copper  roof  of  flat 
sheets  so  that  the  seams  may  hold,  and  so  that  the  proper  allowance 
shall  be  made  for  the  great  expansion  and  contraction  of  this  metal. 
All  sheet  copper  is  necessarily  pure  metal. 

Roofing  Tin.  Tin  roofing  is  the  next  best  material  to  copper, 
and,  all  things  considered,  is  the  standard  for  every  roofing  purpose. 
Tin  may  be  laid  on  a  roof  of  any  shape  or  size,  and  well-made  tin, 
properly  put  on  the  roof  and  painted,  lasts  well,  is  light,  safe,  and 
easy  to  repair. 

The  production  of  tin  plate  had  its  earliest  and  greatest 
development  in  Wales,  about  200  years  ago.  This  country  began 
to  produce  its  own  supply,  in  1890,  and  now,  with  the  exception 
of  some  special  grades  and  sizes,  makes  all  it  consumes  and  more. 
Wales,  however,  is  still  the  main  source  of  supply  for  the  rest  of  the 
world. 

Tin  plate  consists  of  a  relatively  strong  and  inexpensive  sheet 
of  black  metal,  protected  by  a  coating  of  dearer  and  better  metal 
of  a  lower  melting  temperature,  which  oxidizes  less  rapidly  and, 
therefore,  lasts  longer  under  exposure.  Tin  plate  today  consists 
of  sheet  steel,  either  Bessemer  or  open-hearth,  dipped  in  pure 
tin — bright  tin  plate — or  in  a  mixture  of  tin  and  lead — terne  or  roofing 
plates. 

Tin  and  terne  plates  are  distinguished  according  to  their  size, 
weight,  and  thickness  of  coating.  The  sheets  are  made  in  standard 
sizes,  such  as  10X14,  14X20,  20X20  inches,  and  other  sizes.  A 
fixed  number  of  sheets  come  in  a  box,  the  weight  of  which  varies 
according  to  the  thickness  of  the  sheets,  which  is  determined  ac- 
cording to  established  rules  in  use  by  the  manufacturers.    For 
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escample,  the  sheets  are  known  by  their  weight  per  box  and  size  of 
sheet,  that  is,  80  pounds,  etc.,  up  to  100  pounds,  and  then  by  the  use 
of  letters,  such  as  IC,  I  XL,  IX,  I XX,  etc.  Each  combination  of 
letters  indicates  a  certain  number  of  pounds;  for  instance,  IC  equals 
107  pounds;  IXL  equals  128  pounds;  IX,  135  pounds,  etc. 

Besides  the  matter  of  size,  there  are  other  distinguishing  char- 
acteristics such  as  thickness  of  the  steel  base  sheet — called  "the 
substance" — ^the  process  of  applying  the  coating,  and  the  thickness 
and  evenness  of  coating  (amount  of  teme  mixture  used);  these  last 
two  points  are  covered  by  the  "brand"  according  to  the  custom  of 
the  trade. 

For  all  good  grades  of  tin,  the  basic  sheets  are  first  re-squared — 
that  is,  cut  perfectly  square  so  that  they  will  align  and  lie  perfectly 
straight  in  the  roofing  construction.  They  are  now  "pickled," 
so  as  to  be  cleansed  of  all  dirt  and  oxide  produced  in  the  rolling  pro- 
cess, and  after  being  washed  in  clean  water,  are  ready  for  the  coating; 
this  b  composed  of  a  mixture  of  pure  tin  and  lead — the  most  durable 
metab  against  weather  exposure  that  can  thus  be  employed.  All 
makers  follow  the  same  practice  up  to  this  point,  the  wide  differences 
in  manufacturing  methods  occurring  in  the  process  of  coating,  and 
the  amjourd  and  evejiness  of  coating. 

The  cheapest  process  today  is  to  dip  the  basic  sheet,  "pickled" 
and  washed  as  above  described,  into  a  bath  of  acid  flux  to  make  the 
t*oating  adhere.  The  acid  flux  universally  employed  in  this  process 
is  muriate  cf  zinc,  which  is  quite  inexpensive;  however,  no  matter 
how  heavy  the  coating,  a  residue  of  the  acid  flux  always  remains  in 
the  pores  of  the  basic  steel  sheet,  thus  corroding  and  destroying  it 
earlier  than  necessary — a  prime  cause  of  much  roofing  tin  failing  to 
last  as  long  as  it  should. 

In  the  best  process,  the  cleansed  sheets  are  boiled  in  pure  palm 
oil,  which  is  imported  from  the  eastern  coast  of  Africa  in  original 
cases.  The  experience  gained  in  the  art  in  Wales  for  years  has 
shown  conclusively  that  pure  palm  oil  is  the  very  best  alkaline  flux 
for  this  purpose.  By  its  use  an  alkaline  residue  is  left  in  the  pores  of 
the  underlying  steel  sheet,  which  helps  to  preserve  it,  not  disintegrate 
and  destroy  it  as  when  acid  flux  is  used.  In  the  palm  oil  process 
the  original  boiling  and  subsequent  dipping  or  coating  mv^t  all  be 
done  by  hand,  and  this,  in  addition  to  the  cost  of  the  palm  oil  and 
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the  relatively  expensive  workmanship,  makes  the  coat  of  the  tin 
plate  greater,  but  at  the  same  time  increases  its  durability. 

It  is  impossible  to  determine  by  the  eye  or  any  known  tests, 
whether  or  not  a  plate  has  been  coated  by  the  acid  or  palm  oil  pro- 
cess, and  in  this  respect  the  chances  for  deception  are  apparent.  A 
plate  made  by  either  process  can  be  finished  with  a  dry  or  greasy 
surface. 

Teme  coating  is  a  ductile  alloy  and  is  applied  to  the  basic  steel 
sheet  by  dipping  in  a  molten  bath — forming  at  best  a  thin  filnci  which 
usually  attaches  with  no  greater  force  than  gravity.  As  the  fin- 
ished plate  cools,  the  two  component  parts — sheet  steel  and  coating 
— contract  at  different  rates,  producing  minute  openings  in  the 
thin  coating,  a  feature  which  it  Is  impossible  entirely  to  avoid,  no 
matter  how  thickly  the  coating  Is  applied.  In  the  manufacture  of 
the  best  plates,  however,  these  minute  holes  are  to  a  large  extent 
filled  up  by  compacting  the  ductile  coating  at  the  last  step  in  the  proc- 
ess. The  sheets  are  dipped  once,  twice,  or  several  times,  as  may 
be  necessary  to  gain  the  desired  coating. 

After  the  plates  are  coated,  they  are  cleansed  with  bran  and 
sheep-skins,  and  then  taken  to  the  assorting  room,  where  those 
which  are  unfit  for  roofing  purposes — known  as  "wasters" — are 
excluded  from  the  prime  or  perfect  sheets.  Only  the  primes  are 
stamped  with  the  brand  and  thickness  IC  or  IX.  Tliese  two  classes 
differ  only  in  the  thickness  of  the  black  plate,  the  coating  for  any 
given  brand  being  the  same.  The  net  weight  of  a  box  of  common 
IC,  20X28  Inch  plates,  112  sheets,  is  214  to  216  pounds;  and  of  IX, 
20X28  Inch,  112  sheets,  270  pounds,  (without  the  wooden  box). 
Extra  heavy  coated  plates  weigh  more  on  account  of  the  Increased 
weight  of  coating.  It  does  not  necessarily  follow,  however,  that 
a  box  of  IC  20X28  inch,  weighing  230  or  240  pounds,  contains  ad- 
ditional coating,  because  the  black  plate  may  have  been  rolled  of  a 
heavier  gauge  than  ordinarily  used,  thus  adding  many  pounds  to  a 
box. 

PARTITIONS 

The  partitions  of  a  building  serve  to  divide  a  floor  or  horizontal 
section  of  a  building  into  rooms,  sections,  offices,  or  other  p>arts. 
They  are  sometimes  spoken  of  as  walls  and  this  Is  permissible,  when 
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used  to  designate  the  enclosures  of  a  room,  but  for  Fire  Insurance 
purposes  it  is  much  better  to  reserve  the  term  wall  for  the  outside 
walls  and  for  interior  walls  which  divide  a  building  in  a  large  way, 
particularly  from  the  basement  to  the  roof.  To  avoid  misunder- 
standing the  term  "partition  wall"  may  be  used. 

Lath  and  Plaster.  Partition  walls  in  a  frame  or  ordinary  build- 
ing are  usually  spoken  of  as  lath-and-plaster  partitions  or  stud  par- 
titions. These  are  constructed  of  wood  studs  which  are  set  verti- 
cally between  the  top  and  bottom  timbers,  called  plates,  and  which 
are  pronded  with  horizontal  bridging;  on  the  studs  will  be  nailed  the 

wood  laths,  which  act  as  a  key  or  hold  for 
the  plaster.  This  is  called  a  wood  lath- 
and-plaster  stud  partition.  In  place  of 
the  wood  laths,  metal  laths  may  be  used, 
in  which  case  the  partition  will  be  termed 
a  metal  lath-and-plaster  partition,  Fig.  34. 
When  plaster  boards  are  used  in  place  of 
the  metal  laths,  the  partition  w411  be 
termed  a  plaster  board  partition. 

Frame.  A  frame  partition  may  consist 
of  wood  studs  with  boards  nailed  on  the 
studs,  or  simply  of  the  boards  set  up  and 
cleated  or  nailed  at  the  top  and  bottom. 
Plank.  A  plank  partition  is  a  wood 
partition  made  of  boards  which  are 
sufficiently  thick  to  be  considered  a  plank 
rather  than  a  board,  that  is,  2  or  more 
inches  thick. 
Partitions  will  sometimes  be  found 
which  are  built  of  wood  studs  covered  with  tin,  corrugated  iron, 
galvanized  iron,  or  other  form  of  sheet  metal. 
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Fig.  35.     Standard  Forms  of 
Flooring 


FLOORING 

A  clear  distinction  should  be  made  between  the  flooring  and 
the  floors  of  a  building. 

A  floor  is  really  a  horizontal  division  of  a  building  with  respect 
to  its  construction;  i.  f.,  a  floor,  from  a  construction  standpoint,  in- 
cludes the  beams,  the  floor  boards,  and  the  ceiling.     By  the  flooring 
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is  meant  the  floor  boards  which  are  laid  on  top  of  the  wood  beams  in 
order  to  make  a  level  surface  and  a  convenient  bearing  and  footing. 

A  great  variety  of  materials  is  used  for  the  flooring  of  a  building, 
ft  partial  list  of  which  is  as  follows:  Wood,  cement,  concrete,  brick, 
sUme,  earth,  asphalt,  tile,  mosaic,  and  granolithic. 

Wood  flooring  is  laid  single,  double,  or  even  triple.  Ordinary 
wood  floor  boards  are  J  inch  or  I  inch  thick  and  fit  into  each  other 
by  what  is  called  tongue  and  groove.  Fig.  35. 

Plank  flooring  comes  2  inches,  3  inches,  or  4  inches  thick,  and 
the  boards  are  fitted  together  by  having  a  groove  in  each  edge  of  the 
plaok  and  by  driving  into  the  space  between  the  two  boards  made 
by  the  grooves,  a  thin  stick  of  wood  called  a  spline.  Fig.  35.  A 
specnal  type  of  wood  flooring  used  for  decorative  purposes  is  the 
parquet  or  hardwood  flooring  which  is  usually  made  in  squares  and 
is  laid  on  rough  floor  boards. 

The  various  kinds  of  mineral  floor  surfaces  are  in  use  principally 
for  their  waterprooflng  qualities,  and  are  so  generally  known  that  no 


special  description  is  necessary.  An  important  point  about  flooring 
from  a  Fire  Insurance  standpoint  is  the  presence  of  some  material 
between  the  floor  boards  for  flreproofing  purposes,  Fig.  36.  The 
materials  used  are  felt,  asbestos,  mineral  wool,  cork,  tin,  sheet  iron, 
and  waterproof  paper. 

FINISH 

Fire  Insurance  is  interested  in  the  finish  of  a  building,  insofar 
as  this  affects  the  spread  of  fire,  particularly  in  the  use  of  materials 
for  covering  partitioiv,  ceilings,  and  the  inside  surface  of  brick  walls. 
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There  are  a  number  of  other  kinds  of  finish  such  as,  stucco, 
staff,  scagliola,  and  imitation  marble,  which  are  used  for  ornamental 
purposes  but  from  a  Fire  Insurance  standpoint  may  be  treated  as 
ordinary  plaster  or  other  covering. 

BUILDING  OR  HOUSE  TRIM 

This  is  a  general  term  used  to  describe  the  smaller  ieatures  of  a 
building  such  as  doors  and  door  frames  or  boxes,  window  frames 
and  window  casings,  mantels,  wainscoting,  base-boards,  chair  rails, 
picture  molding,  shelving,  cupboards,  and  closets. 

The  Fire  Insurance  interest  in  house  trim  rests  in  the  fact  that, 
when  of  wood,  it  represents  an  addition  to  the  amount  of  combustible 
material  in  the  building  construction,  or  may  represent  almost  the 
only  combustible  material  in  what  is  othemise  fire-resistant  or  semi- 
resistant  construction. 

In  a  recent  development  of  fire-resistant  materials,  wood  house 
trim  has  been  treated  by  chemical  or  electrical  processes,  which 
have  for  their  object  the  making  of  the  wood  fire-resistant  or  fire- 
proof. Another  development  is  the  displacing  of  wood  as  a  mate- 
rial for  house  trim  and  the  use  of  sheet  metal  in  its  place. 

FLOOR  OPENINGS 

What  Fire  Insurance  calls  the  floor  openings  of  a  building 
constitute  a  most  important  feature  in  building  construction.  In 
nine  cases  out  of  ten,  when  a  fire  has  started  and  obtained  head- 
way, the  question  whether  the  fire  will  extend  throughout  the  build- 
ing depends  on  the  floor  openings.  They  are  easily  the  most  dan- 
gerous structural  feature  in  a  building  when  improperly  installed, 
and  in  a  study  of  Fire  Insurance  too  much  attention  cannot  be  given 
to  them. 

Definitions.  In  a  general  way  a  floor  opening  is  described  as 
any  vertical  opening  in  a  building,  i,  c,  any  hole  or  break  in  the 
horizontal  or  floor  construction.  The  floor  openings  are  the  vertical 
openings  of  a  building  just  as  the  windows  and  doors  are  the  hori- 
zontal openings.  A  vertical  opening  may  or  may  not  be  a  shaft,  or 
represent  a  shaft,  the  latter  in  general  meaning  a  continuous  or 
enclosed  opening  such  as,  for  example,  the  entrance  and  passage- 
way to  a  subterranean  mine,  or  the  entrance  and  passageway  to  any 
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spot  underneath  the  earth.  A  shaft  may  be  defined  as  a  contin- 
uous and  enclosed  hole  or  opening  running  in  a  vertical  direction. 
In  a  way,  the  shaft  might  comprise  the  hole  or  opening  as  well  as  the 
enclosing  or  surrounding  walls,  but,  as  a  matter  of  fact,  in  its  narrow 
and  restricted  meaning,  the  term  has  come  to  be  applied  to  the  en- 
closing walls  only;  that  is  to  say,  a  brick  shaft  means  enclosing 
walls  of  brick;  a  frame  or  wood  shaft,  enclosing  walls  of  wood,  etc. 

In  studying  floor  openings,  it  is  important  to  grasp  the  distinc- 
tion between  an  opening  as  such  and  the  use  that  is  made  of  the 
opening  or  the  machinery  or  other  things  that  are  within  the  open- 
ing. In  the  case  of  an  elevator  shaft,  the  car  running  up  and  down 
the  opening  is  the  elevator,  while  the  opening  is  the  elevator  shaft 
or  elevator  well.  In  the  same  way  the  stairway  is  the  opening  or 
shaft  in  which  the  staircase  or  stairs  are  placed. 

Another  point  that  will  prove  of  considerable  value  in  the 
practical  work  of  Fire  Insurance  inspection  is  to  distinguish  between 
the  walls  of  the  shaft,  the  openings  in  the  walls,  and  the  cut-oflFs  or 
materials  that  are  used  to  close  or  shut  up  these  openings. 

In  Fire  Insurance  floor  openings  or  the  shafts  of  floor  openings 
are  generally  classified  as  fire-resistant  or  non-fire-resistant. 

Fire-Resistant.  Standard.  A  standard  floor  opening  or  shaft 
is  one  whose  walls  are  of  brick  and  which  extend  from  the  basement 
to  and  above  the  roof  with  a  bulkhead  at  the  roof. 

Miscellaneous,  Other  shafts  constructed  of  incombustible  or 
fire-resistant  materials  are  those  built  of  hollow  tile  or  terra  cotta, 
plaster  blocks,  cinder  blocks,  metal  lath,  cement  or  plaster  on  metal 
lath,  and  iron  studs,  concrete,  sheet  metal,  or  corrugated  iron  on  iron 
frame. 

Noii-Fire-Resistant.  Ordinary  or  non-fire-resistant  shafts  in- 
clude the  following:  Wood  covering  or  sheathing  on  wood  or  iron 
framework;  metal  sheathing  on  wood  framework;  wood,  with  glass 
or  plaster  on  wood  lath. 

An  open  shaft  is  the  term  applied  to  a  floor  opening  that  is  with- 
out shaft  walls  or  enclosing  walls. 

Some  floor  openings  have  an  enclosure  that  is  not  strictly  con- 
sidered a  shaft.  For  example,  (1)  the  lath-and-plaster  hallway 
enclosure  for  stairwa>^  in  the  ordinary  dwelling-house;  (2)  the  stair- 
way enclosed  by  a  board  partition,  which  is  placed  at  some  distance 
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from  the  stain  proper  in  order  to  aUow  a  landing  at  each  Boot — 
generally  known  in  Fire  Insurance  practice  as  a  frattu-endoaed  ataa^ 
tcay;  (3)  the  stairway  that  is  enclosed  with  boards  close  to  the  line 
of  the  stairs  and  which  has  the  landings  on  the  loft  or  floor  proper 
— generally  known  in  Fire  Insurance  practice  as  a  boxed  ttairmiy. 
In  other  words,  each  flight  of  stairs  is  really  in  a  separate  box  of  its 
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own,  and  there  is  no  continuous  connection  from  one  flight  to  an- 
other flight.  In  order  to  pass  from  one  floor  to  another  a  person  has 
to  enter  the  boxing  and  then  pass  out  of  this  same  boxing  to  reach 
another  floor.  The  boxing  of  the  stairway  is  sometimes  carried 
out  only  on  alternate  floors,  Fig,  39. 

Stairway.  The  construction  of  a  stairway  from  a  Fire  Insur- 
ance standpoint  includes  the  opening  for  the  stairs,  the  shaft  or 
enclosing  walls,  and  the  stairs  proper.  The  term  staircase  is  used 
to  describe  all  the  flights  or  runs  of  stairs,  from  top  to  bottom,  while 
a  flight  is  the  portion  of  the  staircase  extending  from  one  floor  to 
another  floor  or  from  floor  landing  to  floor  landing.    The  ttringt  are 
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the  side  framework  which  supports  the  treads  and  the  risers.  The 
treads  are  the  steps.  The  risers  are  the  upright  pieces  which  are 
placed  at  the  rear  end  of  the  treads,  to  help  support  them.  Landr 
ings  are  the  places  where  the  stairs  adjoin  the  floor  leveb  or  where 
a  flight  or  run  of  stairs  is  broken  in  two,  either  to  make  a  turn  or  to 
shorten  the  continuous  nm  of  stairs. 

Wood  stairs  have  wood  strings,  treads,  risers,  and  landings. 

Iron  stairs  are  those  which  have  iron  strings,  treads,  risers,  and 
landings.  In  some  cases  stone,  slate,  or  marble  will  be  substituted 
on  the  treads  and  landings. 

Stairs  may  be  described  or  classified  as  follows:  Circular 
stairs,  or  those  where  the  stairs  wind  around  a  center  post;  straight 
stairs,  or  those  where  the  flight  or  run  is  straight  and  continuous 
from  floor  to  floor;  return  stairs,  or  those  where  the  flights  are  broken 
and  continued  parallel  to  each  other;  and  winding  stairs,  or  those 
where  the  stairway  bends  from  a  straight  line.  When  the  landing 
places  are  not  on  a  single  level,  but  consist  of  a  number  of  steps  which 
conform  to  the  angle  of  the  turn,  these  particular  steps  are  known 
as  winders.  Special  attention  is  called  to  these  because  the  New 
York  Building  Code  prohibits  them  in  stairways  in  theaters  and 
because  they  are  for  that  matter  a  bad  feature  in  any  stairway. 

The  construction  features  of  a  stairway  from  a  Fire  Insurance 
standpoint  may  be  summarized  as  follows: 

(1)  The  floors  or  floor  construction  pierced  by  the  stairway, 
whether  it  goes  through  the  roof  and  has  a  bulkhead  or  simply  a 
scuttle  opening. 

(2)  Material  of  the  stairs,  particularly  the  treads  and  land- 
ings; and  if  stone,  whether  supported  underneath  with  metal  plates. 

(3)  Materiab  of  the  shaft  or  enclosing  walls;  the  openings 
in  the  walls,  and  how  they  are  closed  or  cut  off,  giving  the  material 
oi  the  cut-offs  and  their  operation,  if  automatic. 

(4)  If  the  runs  or  the  flights  of  the  stairs  are  not  enclosed, 
whether  there  is  some  kind  of  a  cut-off  at  the  floor  level;  that  is, 
a  door  at  the  bottom  or  top  of  each  flight  or  a  trap  door  that 
covers  the  stairway  opening  at  the  floor  level,  and  if  the  trap  is 
hand  closed  or  automatically  closed. 

(5)  If  the  stairway  is  in  the  same  shaft  or  opening  with  other 
stairways  or  floor  openings;  whether  it  adjoins,  or  is  within  fifteen  feet. 
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Elevators.  Elevators  from  a  Fire  Insurance  standpoint  may 
be  treated  along  the  same  lines  as  floor  openings  in  general  except 
for  a  few  sixK-ial  points.  The  oar  or  clevattir  proper  which  carries 
passengers  or  freight  'n  operated  by  machinery,  which  is  usually 


located  in  the  basement  of  the  building,  close  to  the  elevator  shaft- 
sometimes  directly  under  the  elevator  shaft  or  adjoining  it.  In  either 
case  there  is  an  opening  in  the  elevator  shaft  to  permit  the  cable, 
which  supports  the  car,  to  pass  from  the  motor  or  engine  into  the 
shaft.  ITie  presence  of  this  opening  pro^■ides  an  opportunity  for  fire 
originating  in  the  motor  or  engine  room  to  extend  into  the  elevatw 
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shaft  and  thence  throughout  the  building.  For  this  reason  the  cable 
opening  deserves  attention.  The  dimensions  of  the  opening  and  any 
effort  made  to  close  it  with  an  apron  or  drop-cover  should  be 
examined.  Fig.  40. 

The  machinery'  which  operates  the  elevator  may  be  treated  under 
the  subject  of  heat,  light,  and  power  of  the  building,  although  where 
it  is  desired,  it  can  be  described  with  the  elevator.  The  occupancy 
of  motor  or  engine  rooms  in  connection  with  elevators  is  subject  to 
the  same  conditions  as  other  occupancies.  One  fact  that  deserves 
particular  attention  is  the  use  of  the  bottom  of  an  elevator  as  a 
closet  or  storeroom,  which  is  decidedly  objectionable,  because  of  the 
combustible  and  inflammable  materials  that  are  collected  there.  The 
side  posts  or  guides  for  the  elevator  car  and  the  balance  weights 
are  frequently  made  of  wood  or  have  wood  boxing  and  as  they  be- 
come saturated  with  oil  they  represent  a  fire  danger. 

The  elevator  shaft  will  also  be  used  as  a  place  for  running  con- 
duits or  channels  for  piping  and  electric  wires.  Where  this  is  done, 
the  construction  should  be  examined,  because  it  may  represent  a 
combustible  feature  in  a  shaft  that  otherwise  might  be  designed 
and  constructed  to  be  fire-resistant. 

Dumbwaiter.  The  construction  of  dumbwaiters  may  be  ^^ 
studied  along  the  same  lines  as  elevators,  because  the  two  are  prac- 
tically identical  from  a  Fire  Insurance  standpoint,  the  dumbwaiter 
being  xdrtually  a  small-sized  elevator.  Dumbwaiters,  as  a  rule,  are 
worked  by  hand,  though  in  some  cases  power  such  as  electric  mo- 
tors b  used.  The  principles  of  construction  applying  to  floor  open- 
ings will,  in  general,  hold  good  for  dumbwaiters. 

Hoists  and  Hatchways.  This  type  of  floor  opening  usually  in- 
volves very  little  construction,  because  it  is  simply  a  square  hole 
m  the  floor  construction,  through  which  bundles  or  cars  may  be 
raised  or  lowered.  In  most  cases,  it  represents  a  forerunner  of  the 
modem  elevator;  where  they  are  enclosed,  the  principles  of  con- 
struction which  apply  to  the  shaft  or  enclosure  of  floor  openings, 
will,  in  general,  also  apply  to  them. 

Light,  Ventilating,  and  Air  Shafts.    The  construction  of  light, 
ventilating,  and  air  shafts — ^which,  by  the  way,  do  not  include  ex- 
terior courts,  1. «.,  courts  opening  to  the  air — ^may  follow  the  prin-  j^ 
ciples  of  construction  used  for  shafts  or  enclosing  walls   of  floor 


> 


105 


96 


HRE  INSURANCE  IXSPECTIOX 


openings  in  general  Thesie  iluor  openings  are  practically  identical 
with  stair  shaft.<.  elevator  shaft>,  and  dumbwaiter  shafts,  except 
that  the  opening  is  u:«ed  simply  as  an  air  passage  instead  of  a  passage 
for  stairs,  elevator  cars,  or  dumbwaiter  cars. 

One  particular  feature  connected  with  these  floor  openings  is  the 
use  of  fixed  shutters  or  Iuu\tvs.  which  are  placed  at  the  window  open- 
ings between  toilet  rooms  and  the  shaft.  Loueres,  Fig.  41,  consist 
of  thin  slats  fixed  at  an  angle  into  a  frame  which  is  attached  to  the 
walls  of  the  shaft;  the  slats  and  frame  are  made  either  of  wood  or 

metal.  If  the  lou\Tes  are  made  of  metal, 
the  methinl  of  attaching  them  to  the  frame 
and  the  method  of  attaching  the  frame  to  the 
shaft  walls  should  be  examined.  The  two 
general  methods  of  doing  this  are  by  riveting 
j:nd  by  soldering.  Tlie  use  of  solder  b  ob- 
jectionable from  a  Fire  Insurance  standpoint, 
because  in  the  case  of  fire,  the  heat  melts 
the  solder  and  the  louvre  falls  apart,  thereby 
giving  a  clear  opening  for  the  fire  to  pass 
through;  on  the  other  hand,  in  the  case  of 
ri\eted  louvres,  they  will  hold  their  place 
practically  up  to  the  melting  point  of  the 
metal. 

\'ent  Rues.    Tlie  ci^nstruction  of  vent  flues 
t)r  ducts  for  carrying  off  foul  air  is  practically 
identical  with  the  larger  types  of  light,  ven- 
tilating, and  air  shafts  just  describetl.     T'sually  they  are  not  suflB- 
ciently  large  to  be  made  into  a  shaft,  but  are  run  into,  or  close  to, 
walls. 

Channels,  Chases,  and  Ducts.  Tiie  class  of  floor  openings 
calleil  channels,  chases,  and  ducts  for  pii)es  or  wires  are  usually  of 
small  dimensions  and  arc  in  many  cjisos  made  by  recessing  or  cut- 
ting out  a  portitni  of  a  wall.  The  construction  feature  to  be  exam- 
ined is  the  ilcpth  of  the  opening  in  relation  to  the  depth  or  thickness 
of  the  wall  in  which  they  are  run.  because  of  the  danger  of  mak- 
ing a  wall  so  thin  that  it  loses  its  value  either  as  a  bearing  member 
or  as  a  stop  to  fire  from  an  adjoining  building.  Such  openings 
should  not  be  permitted  in  piers,  or  in  walls,  beyond  one-third  the 
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depth  of  the  wall.  Because  of  their  comparative  concealment  and 
the  fact  that  they  frequently  extend  from  the  bottom  to  the  top  of 
the  building,  these  floor  openings  represent  a  dangerous  fire  passage, 
and  should,  therefore,  be  fire-stopped  or  filled  in  at  each  floor  level 


to  the  extent  of  at  least  one  foot.  Another  construction  feature  of 
notice  is  the  material  and  method  of  covering  the  outside  sur- 
face. 

Belt  or  Shaft  Holes.  Belt  or  shaft  holes  through  floors  rep- 
resent an  opening  that  cannot  be  cut  off  or  stopped,  because  of  the 
nature  of  their  use  and  purpose.  As  the  belt  or  shaft  must  be  in 
continuous  motion,  the  only  thing  that  can  be  done  is  to  make  the 
opening  as  small  as  possible  and  provide  a  boxing  or  curbing  at  the 
floor  level. 

Chutes.  Chutes  are  very  much  like  dumbwaiters  except  that 
they  are  usually  constructed  at  an  angle.  The  construction  fea- 
tures represent  the  boxing  or  enclosing  of  the  chute,  the  use  of 
metal  (»'  wood  for  this  purpose,  and  the  installation  of  a  trap  or 
cut-off.  Fig.  42. 
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Runways.     Runways  are  a  special  tjite  of  floor  opening  found 
almost  exclusively  in  stables;  in  fact,  these  might  be  called  horae 


ith  Open  WcUhale 


stairways,  because  their  function  is  to  permit  horses  to  pass  from 
one  floor  to  another.  They  are  usually  constructed  at  a  long  angle, 
and  the  construction  features  deaf  with  the  materials  used  for  en- 
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dosing  the  runway  and  the  presence  of  doors  or  cut-offs  where  these 
can  be  installed. 

Wellhtde.    A  wellhole  is  s  particular  form  of  light  shaft  placed 
in  many  old-style  buildings  and  even  today  found  in  some  of  the 


large  department  stores.  There  is  no  construction  of  particular 
notice,  because  the  wellhole  is  usually  nothing  but  a  great  big  open- 
ing throughout  the  building,  Fig.  43,  and  rarely  enclosed  or  cut  off 
in  any  manner.  If  any  enclosing  is  done,  the  principles  of  con- 
struction covering  the  shaft  or  enclosure  of  floor  openings  in  general 
will  api^,  fig-  44. 

Floor  L^ts.    These  are  not,  strictly  speaking,  floor  openings, 
because  they  do  not  represent  holes  or  openings  in  the  floor  con- 
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struction,  but  inasmuch  as  they  are  usually  constructed  of  glass, 
the  strong  likelihood  is  that  in  case  of  fire  they  will  become  floor 
openings,  thus  making  it  proper  to  refer  to  them  here.  The  con- 
struction features  are  the  thickness  and  kind  of  glass,  the  frame  or 
setting  upon  which  the  glass  is  placed,  and  the  dimensions  of  the 
opening. 

WALL  OPENINQS 

The  detailed  construction  of  such  minor  features  of  a  building 
as  doors,  windows,  traps,  etc.,  frequently  becomes  of  importance  in 

Fire  Insurance.  In  many  cases  they  are 
the  cut-offs  or  fire-stops,  and  if  not  prop- 
erly constructed,  they  are  the  weak  spot  in 
what  is  otherwise  a  substantial  fire-resistant 
construction.  It  is  necessary,  therefore,  for 
inspection  and  rating  purposes,  to  give  care- 
ful details  of  the  methods  of  their  construc- 
tion and  operation  and  the  materials  used. 
Doors.  The  space  occupied  or  closed  up 
by  a  door  is  called  the  doorway,  the  sides  of 
the  doorway  are  called  the  jambs,  the  top 
the  lintely  and  the  bottom  the  silL  The 
frame  upon  which  doors  are  hung  and 
which  is  placed  in  the  doorway  as  a  framing 
for  the  opening  is  sometimes  called  the  door 
box. 

Doors  mav  be  classified  in  a  number  of 
different  ways.  WTien  classified  by  con- 
struction, they  may  l>e  frame  or  batteri  doors; 
bv  materials,  thev  mav  be  wood  or  metal 
doors;  and  when  classified  according  to 
method  of  operation,  the  divisions  become 
swinging,  sliding,  folding,  and  automatic  or  self -closing.  A  frame 
door,  which  is  the  kind  most  commonly  used,  is  made  up  of  two 
sides  or  upright  pieces,  called  stiles,  a  number  of  cross-pieces  called 
rails,  and  thinner  pieces  which  fill  the  spaces  between  the  stiles 
and  the  rails,  called  panels.  Fig.  45.  A  frame  door  sometimes  has 
the  panels  of  plain  or  wired  glass  instead  of  wood.     A  batten  door^ 
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Fig.  46,  is  made  up  of  a  number  of  boards  laid  flat  and  held  to- 
gether either  by  tongue  and  groove,  by  tenons,  or  by  means  of 
binding  pieces  or  strips  laid  across  them,  the  latter  giving  them  lat- 
eral stiffness. 

Iron  doors  are  stilt  found  in  the  older  types  of  buildings,  but 
the  increasing  use  of  steel  in  its  place  makes  it  proper  to  understand 
the  difference  between  an  iron  door  and  a  steel  door.  Iron  doors 
are  usually  made  of  a  somewhat  heavy  iron  plate,  usually  a  fraction 
of  an  inch  thick,  and  may  be  reinforced  by  straps  or  l>attens.  This 
may  be  considered  a  plain  iron  door  of  the  iron  plate  pattern.  An- 
other t^'pe,  which  is  made  of  a  lighter  sheet  of  metal,  is  called  a 
crimped  iron  door,  because  of  the  method 
of  treatment  of  the  sheet.  Corrugated  iron 
is  occasionally  used  for  doors  and  a  few  ex- 
amples of  the  boxed  pattern  may  also  be 
found. 

The  steel  door  is  sometimes  constructed 
entirely  of  sheet  steel,  usually  in  hollow  form, 
reinforced  by  ribs  inside  the  two  coverings, 
but  b  more  generally  built  with  a  wood 
frame  or  core  and  a  covering  of  sheet  steel. 
Tile  name  Kalamein  (orKalaminc)  has  come 
to  be  applied  incorrectly  to  the  latter  type 
of  door  because  the  first  sheet  metal  used 
in  the  construction  of  doors  and  other  arti- 
cles was  obtained  from  Kalamein  iron  ore. 
Today,  although  the  use  of  this  particular 
ore  has  practically  been  discontinued,  the 
word  Kalamein  is  so  well  established  that  it 
will  always  be  used  to  denote  that  particuUr 
t>'pe  of  door  or  other  wood  articles  covered 
with  sheet  steel. 

The  best  type  of  Kalamein  or  sheet-steel  doors  are  those  whose 
metal  sheets  are  pressed  onto  the  wood  core  in  such  a  manner  as  to 
bind  very  closely  the  metal  and  the  wood,  making  nailing  or  other 
attachment  practically  unnecessary.  This  type  should  be  distin- 
guished from  those  which  are  more  loosely  covered  with  steel  sheets 
beld  blether  by  the  liberal  use  of  nails. 
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The  ordinao'  metal-clad  door  is  one  whose  co\'ering  b  made  of 
any  kind  of  metal  and  attached  in  any  manner  whatsoever.  Of 
course  such  a  door  has  some  claims  to  being  called  a  metal-ctad 
door,  and  its  fire  protection  value  is  greater  than  a  wood  door  with- 
out any  metal  covering.  But  the  door  with  sheet  zinc,  tin,  iron,  or 
steel  loosely  attached  has  decidedly  not  the  same  fire-resistant  value 
as  a  wood  door  with  the  metal  attached  in  a  close-fitting  and  perma- 
nent manner.  This  applies  not  only  to  the  Kalamein.  but  also  to 
the  tin-dad  door  constructed  according  to  recognized  spedfications 


Door  with  Fiuibl«  Link 


of  the  various  Fire  Insurance  organizations,  the  description  of  whidi 
is  postponed  for  the  present. 

A  t^pe  of  metal  or  iron  door  that  should  be  noted  is  the 
Tolling-ahutter  door,  which  is  in  rather  common  use  outside  the 
doors  and  windows  of  first  floors  or  street  floors  of  many  business 
buildings. 

Swinging  doors  are  hung  on  hinges  attached  to  the  jambs  or 
sides  of  the  doorway. 

Sliding  doors  run  on  tracks  or  are  attached  to  wheels  running 
on  tracks.  These  may  be  horizontal  or  vertical,  the  vertical  type 
being  sometimes  known  as  guillotine  doors,    "niis  door  b  also  called 
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a  channel  door,  because  the  door  proper  runs  in  a  track  made  of 
channel  irons. 

Folding  doors  are  made  in  several  parts,  either  hinged  together 
or  operating  on  different  tracks  so  that  each  leaf  may  be  extended  as 
needed  to  make  a  continuous  door. 


—oouau  puar* 
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AvioToaiie  or  aelf-chsing  doors,  from  a  Fire  Insurance  stand- 
poiot,  do  not  include  doors  that  are  closed  by  the  operation  of  door 
checks  or  springs,  but  only  those  which  are  arranged  to  close  of  them- 
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selves  in  case  of  fire,  usually  by  means  of  a  fusible  link,  which  is 
melted  by  the  fire,  thereby  starting  the  closing  mechanism.  This 
closing  mechanism  is  ordinarily  a  spring,  in  the  shape  of  a  spiral 
or  a  straight  rod,  which  is  attached  to  the  door  and  to  the  door 
frame.  Another  method  of  making  a  door  self-closing  is  by  using  a 
weight  and  cord,  which  is  run  over  a  pulley,  Fig.  47  and  Fig.  48. 
There  are  also  many  patent  devices  in  use.  The  ordinarj'^  swin^ng 
door  may  be  made  self-closing  in  case  of  fire,  pro\nded  it  has  a 
closing  spring  attached  to  it,  by  the  use  of  a  fusible  link  and  the 
ordinary  hook  and  eye.  The  fusible  link  is  attached  to  the  hook, 
which  holds  the  door  open,  so  that  when  the  fire  melts  the  fusible 

'  link,  the  hook  pulls  apart  from 
its  fastening  and  the  door  is  then 
closed  by  the  operation  of  the 
spring. 

Duplicate  doors  are  sometimes 
used  on  each  side  of  an  opening, 
thus  providing  two  separate  and 
distinct  cut-offs  to  the  opening. 
From  a  fire  protection  standpoint, 
the  provision  of  dupUcate  doors 
has  been  found  to  be  of  enor- 
mous advantage,  because  there 
are  many  instances  on  record 
where  duplicate  doors  under  fire 
test  have  withstood  the  most 
intense  fires.  As  a  rule  one  door 
is  practically  destroyed,  but  not 
before  it  has  ser\'^ed  its  purpose 
of  a  buffer  door  and  thereby  saved  the  second  door  from  receiving 
the  same  heavy  attack. 

Windows.  The  construction  details  of  a  window  include  the 
window  frame  and  the  setting  of  the  window  frame  and  box.  The 
icindow  box,  like  the  door  box,  consists  of  jambs  or  sides,  a  lintel  at 
the  top,  and  a  sill  at  the  bottom.  The  window  frame  may  be  sub- 
divided, like  the  door,  into  stiles  and  rails,  although  the  term  sash 
is  used  to  describe  the  framework.  Window  frames  are  subject  to 
practically  the  same  classification  in  point  of  construction  as  doors. 
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Fig.  49.     Standard  Wood  Window  Frame 
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Fig.  49,  f.  e.,  wood  or  metal  frame  and  sash  with  plain  or  wired  glass. 
The  use  of  sheet  steel  or  Kalamein  covering  is  also  general  for 
windows. 

The  manufacture  of  fire-resistant  windows  has  aeveloped  to 
a  very  considerable  extent,  so  that  there  are  now  on  the  market 
and  in  general  use,  a  number  of  different  types  of  fire-resistant 
windows. 

Transoms.  This  is  the  term  applied  to  what  are  virtually  small 
windows  set  over  a  door  and  used  for  light  and  ventilating  purposes. 
They  are  usually  hinged  at  the  bottom  or  at  the  center  so  that  they 
may  readily  be  opened  as  needed. 

CHIMNEYS,  FLUES,  AND  FIREPLACES 

Fire  Insurance  is  interested  in  chimneys,  flues,  and  fireplaces, 
because  they  are  used  in  heating  a  building  and  because  their  con- 
struction is  a  factor  in  many  fires. 

Definitions.  The  term  chimney  is  sometimes  used  to  cover 
the  flue  as  well  as  the  fireplace  where  the  fuel  is  burned.  The  de- 
tailed parts  of  the  chimney  may  be  described  as  follows: 

The  ymlls  of  a  chimney  include  the  construction  work  that  en- 
closes the  flue  or  smoke  opening.  When  the  chimney  consists  of 
a  number  of  flues  or  openings,  the  partitions  or  interior  walls  of  the 
chimney  are  called  vnthes. 

The  chimney  flue  is  the  opening  through  which  smoke,  gas,  and 
other  products  of  combustion  escape,  as  well  as  the  means  of  pro- 
dding the  proper  draft  to  make  the  fire  burn  well. 

The  throat  of  the  chimney  is  the  opening  from  the  fireplace  to 
the  flue. 

The /re  box  is  the  enclosed  space  where  the  fire  bums. 

The /re  back  is  the  rear  part  of  the  fire  box. 

The  fireplace  is  the  lower  part  or  floor  of  the  fire  box. 

The  fire  board  is  the  covering  put  in  place  during  the  sum- 
mer, when  a  fire  is  not  used.     It  is  sometimes  called  the  summer 

piece. 

•       

TTie  chimney  breast  is  the  construction  built  beyond  the  face  of 
the  waDs  or  flue  lining. 

The  hearth  b  the  flooi"  space  in  front  of  the  fireplace  and  the 
Aimney  breast. 
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Constructioii.  Chimneys  are  usually  constructed  of  brickwork 
or  stonework  and  sometimes  the  flues  are  lined  with  metal  or  tile. 
In  case  the  flues  are  not  lined,  it  is  important  that  the  masonty 
joints  on  the  inside  of  the  chimney  be 
stnick  smooth.  Parging  mortar  should 
not  be  used  in  building  chimneys  and  the 
flues  should  be  cleaned  after  the  build- 
ing is  aimpleted.  Chimneys  should  be 
built  from  the  ground  up  and  not  on  the 
floor  or  on  wood  l>eams.  Where  chim- 
ney's are  not  built  up  from  the  ground, 
they  may  some- 
"f-"    ^  ,j*-,'w;f-'/.  times     be    con- 

.^y  _  1    atructed  by  cop- 
-  \    belling  or  build- 
"*"'  ing  out  the  brick- 

work from  the 
-  of  the  wall,  or  the  base  of  the  chim- 
nej'  may  be  supjiorteil  on  iron  brackets. 
The  proper  construction  of  a  fireplace 
and  chimney  breast  is  by  the  use  of  a 
Irimvter  arch,  Fig,  50,  which  does  away 
with  wood  construction  in  places  where 
the  heat  of  the  fire  might  cause  the  wood 
to  burn.  The  trimmer  arch  is  made  of 
brick,  stone,  or  burnt  clay,  and  shouM 
be  at  least  20  inches  from  the  face  of  the 
chimney  breast.    The  floor  beams  around 

I LJl J   the  chimney  should   be  framed  clear  <rf 

Fig.  50.   chinin»y  MMonrj-  Show-  all  hcat  passagcs  or  hcatcd  places.    Trim/- 
iDg   nmmer   rc  ^^^  beams,  that  b,  the  beams  set  at  right 

angles  to  the  walls,  Fig.  51,  should  be  8  inches  from  the  inside  of 
flues,  when  the  flue  walls  are  8  inches  thick,  and  12  inches  from  the 
inside  of  flue  walls,  when  they  are  less  than  8  inches  thick.  The 
trimmer  beams  should  also  be  at  least  4  indies  from  the  outside  of 
the  chimney  breast.  The  Header  beams,  that  is,  the  beams  that  run 
parallel  to  the  brick  wall,  should  be  at  least  2  inches  frtmi  the  out- 
side of  the  brickwork,  which  is  part  of  the  chimney. 
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He  flues  for  ordinary  dwelling  buildings  should  have  4  inches 
of  brickwork  and  in  addition  be  lined  with  cast  iron,  well  burnt 
day,  or  terra  cotta  pipe,  T'ig.  52.  The  flues  for  boilers,  furnaces, 
bakers'  ovens,  large  cooking  ranges,  and  large  laundry  stoves,  should 
have  brick  walls  8  inches  thick.  The  flues  for  smelting  furnaces 
should  have  double  walls. 

SKYUQHTS 
Fire  Insurance  is  interested  in  skylights  as  a  feature  of  building 
ooDstniction  because  they  may  play  an  important  part  in  the  spread 
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of  6re,  particularly  in  case  fire  brands  of  sufBcient  wei^t  are  car> 
ried  through  the  wr  and  fall  through  the  skylight  glass,  thereby 
entering  a  building  and  starting  a  fire  within.  Again,  if  flames  break 
through  the  roof  of  an  adjoining  building,  the  glass  in  the  skylight  is 
liable  to  crack  or  meit,  thereby  giving  free  entrance  to  the  flames. 
On  the  other  hand,  in  the  case  of  interior  fires,  a  skylight  acts 
■3  a  ventilator  to  permit  the  exit  of  smoke  and  flames,  and  thereby 
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■arists  in  carrying  off  flames  and  smoke.  It  is,  therefore,  desirable 
to  have  sk>-lights  designed  and  constructed  to  resist  exterior  fires 
without  interfering  with  their  acting  as  proper  ventilators  for  firca 


^^^ 


^^^ 


within  a  building.  The  most  common  method  of  providing  out- 
side protection  is  to  have  skylights  made  with  metal  frames  with 
wired  glass.  To  answer  the  purposes  of  fire  ventilation,  ptun 
glass  is  used  and  protected  on  the  outside  by  a  strong  wire  screen. 
Construction.  A  skylight  consists  of  a  frame  into  which  the 
^ass  is  set  and  fastened  by  the  use  of  putty  or  some  mechanical  ar- 
langement.    Skylights  are  classed  as   wooden  skylights  or  mebd 
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skylights  according  as  the  materiab  used  in  the  frame  and  sup- 
port are  wood  or  metal.  Only  the  metal  skylight  will  be  con- 
sidered. 

Metai.    Metal  skylights  are  made  of  galvanized  iron,  brass,  or 
copper  with  joints  riveted  and  then  soldered.    Solid  iron  plates  are 
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also  used — what  b  called  the  hull's  eye  paUem — in  which  the  glass 
is  very  thick  and  set  in  cement. 

An  onJinar>-.^  skylight,  types  of  which  are  shown  in  Fig.  53, 
b  either  set  into  a.  slope  of  a  pitched  roof  or  if  placed  on  a  flat  roof 
is  given  sufficient  pitch  to  make  it  drain. 
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Hipped  SkylifhU 


Raised  skylights.  Fig.  54,  include  dovbU-pUck  skylights  and 
Upped  skylights. 

Turret  or  MonHor  skylights  are  practically  skylights  placed  on 
a  box  or  base,  the  sides  of  which  will  contain  glass  or  fixed  openings 
for  ventilation  arranged  with  louvres.  Fig.  55.  The  turret  or  monitor 
skylight  is  sometimes  built  along  the  length  of  a  building  as  in  the 
ciae  of  pien,  sheds,  and  factory  buildings,  and  is  then  called  a  Texaa 
or  long  monitor  skylight. 
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The  studio  skylifrht  i:i  more  like  a  window  than  a  skylight,  be- 
cause it  is  placvd  in  a  vertical  poiution  like  a  window,  while  sky- 
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lights  are  usuallj-  placed  in  a  horizontal  position  on  the  roof  erf  a 
building. 

Skylights  over  rear*xtensions  of  buildings.  Fig.  5fi,  are,  of  course, 
very  common. 

The  9aw-lootk  skylight  is  the  idea  of  the  studio  skylight  adapted 
to  the  roof  of  car  barns,  repair  shops,  factories,  etc.     By  this  device 


the  roof  area  Is  made  to  a  large  extent  of  glass,  and  the  maximum 
light  obtained. 

Theater  skylights  are  erected  over  the  stage  portion  of  tbeateB, 
and  are  held  in  position  and  operated  by  tackle  pulleys  and  coid* 
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SO  arranged,  that  in  the  case  of  fire,  the  skylights  will  automatically 
open,  and  permit  the  smoke,  heat,  and  flames  to  escape  through  the 
openings,  thereby  causing  a  draft  in  the  direction  of  the  stage  roof 
and  away  from  the  auditorium  of  the  theater. 

Location.  Skylights  are  also  differentiated  with  respect  to 
their  location,  i.  e, ,  whether  they  are  in  the  roof  of  the  main  building, 
in  the  roof  of  the  extensions,  or  over  floor  openings  or  shafts.  The 
principal  reason  for  making  this  distinction  as  to  location  is  because 
skylights  in  the  roof  proper  are  iLsually  constructed  and  designed  to 
offer  the  strongest  possible  resistance  to  an  outside  fire,  while  the 
skylights  over  the  floor  openings  are  designed  to  conform  to  both 
inside  fires  and  outside  fires. 

Screens.  Screens  which  are  provided  in  connection  with 
skylights  may  be  inside  or  outside  the  glass.  The  former  are  pro- 
vided as  protection  to  the  occupants  of  the  building  against  pieces 
of  broken  glass  falling  upon  them  and  has  no  relation  to  Fire  In- 
surance. 

The  inspector  is  interested,  however,  in  the  outside  screen, 
which  is  used  when  the  skylight  glass  is  plain  thin  glass.  This  screen 
must  be  of  suflScient  strength  to  resist  fairly  large-sized  timbers,  one 
specification  often  used  being  No.  12  gauge  wire  with  1-inch  mesh. 
The  screen  should  be  raised  above  the  glass  6  inches  or  more,  and 
should  be  extended  6  inches  beyond  the  glass  surface  at  the  sides. 
It  should  be  strongly  attached,  usually  by  riveting  the  frame  of  the 
screen  to  iron  brackets,  which  in  turn  are  riveted  to  the  frame  or 
base  of  the  skylight.  The  use  of  solder  for  attaching  the  screen  is 
not  advisable  because  the  solder  would  be  melted  by  large  fire  brands, 
and  the  eflBcacy  of  the  screen  destroyed. 

QLAZINQ 

Window  glass  is  of  two  kinds:  plate  glass,  and  sheet  or  cylinder 
glass,  the  latter  being  the  more  common.  Sheet  glass  is  made  by 
blowing  a  cylinder  of  glass,  which  for  the  larger  sizes  has  to  be  about 
15  inches  in  diameter,  and  7  or  8  feet  long.  When  cold,  the  ends 
are  cut  off,  the  cylinder  is  cut  open  lengthwise  and  heated  in  an 
oven,  until  it  is  hot  enough  to  open  and  spread  out  into  a  sheet. 
Such  a  sheet  will  afford  a  piece  of  glass  40X60  inches,  which  is  the 
largest  regular  size. 
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Plate  glass  is  not  blown  but  b  cast  in  plates  on  iron  tables 
15X25  feet;  on  these  tables  it  is  compacted  and  made  of  uniform 
thickness  by  a  roller,  which  leaves  it  ^  to  |  of  an  inch  thick.  These 
sheets  are  then  annealed  and  ground  with  sand  and  emer>'  to  a 
thickness  of  A  to  i  inch,  and  finally  polished.  A  thinner  sort  called 
crystal  plate,  about  like  double  thick  sheet  glass,  is  used  for  car  win- 
dows and  the  like.  Selected  sheets  of  plate  glass  are  reserved  for 
silvering  and  are  called  mirror  plate. 

Ordinary  putty  is  a  mixture  of  whiting  (pulverized  chalk)  and 
raw  linseed  oil,  some  makers  adding  about  5  per  cent  cotton  oil  to 
increase  the  keeping  quality.  It  is  mixed  by  machinery,  or  by  hand, 
to  a  stiff  mass  like  dough. 

Before  putting  the  glass  in  place,  the  workman  spreads  putty 
along  the  ledge  on  which  it  is  to  rest;  this  is  called  bedding  the  glass. 
The  glass  is  then  pressed  firmly  into  place  and  fastened  there  with 
little  triangular  bits  of  sheet  zinc  called  glaziers*  points,  which  are 
laid  flat  on  the  glass,  from  9  to  12  inches  apart,  and  driven  into  the 
wood  of  the  sash  with  a  2-inch  chisel,  held  with  its  flat  side  on  the 
glass,  and  the  edge  away  from  the  glass;  i.  e.,  with  the  back  of  the 
chisel  down,  so  as  not  to  scratch  the  glass.  These  points,  which  are 
not  steel,  but  zinc,  30  they  may  readily  be  bent,  are  found  usually 
in  two  sizes.  No.  1  for  double-thick  glass,  No.  2  for  the  lighter  glass. 
For  fireproof  wooden  sash  which  are  covered  with  thin  sheet  metal, 
triangular  steel  lugs  are  made,  I  inch  long,  A  inch  wide  at  the  wide 
end,  and  iV  inch  thick;  these  are  also  used  for  plate  glass.  It  is 
important  to  use  enough  points. 

The  glass  used  in  skylights  varies  considerably.  Ordinary 
glass  similar  to  that  used  in  window  panes  is  known  as  plain  thin 
glass,  or  {-inch  glass;  heavy  glass  is  thicker,  usually  running  f  to  | 
inch.  Deck  glass  is  still  heavier,  while  prismatic  glass  is  of  sp)ecial 
form  for  increasing  the  amount  of  light  entering  a  floor  or  building. 

PAINTING 

Fire  Insurance  is  interested  in  the  painting  of  a  building  inso- 
far as  the  painting  increases  the  danger  of  fire  starting,  or  spreading 
after  it  has  started. 

Materials.  Paint  is  composed  of  two  parts:  a  liquid,  which  in 
most  house-paints  is  mainly  oil,  and  a  powdered  solid,  which  gives 
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color  and  body  to  the  mixture.  The  liquid  part  is  especially  termed 
the  vehicle;  the  solid,  the  pigment  The  oil  is  linseed  oil,  made  from 
flax-seed;  the  raw  or  natural  oil,  if  exposed  to  the  air  in  a  thin  film, 
will  dry  hard  enough  to  touch,  in  about  a  week,  while  boiled  oil  is 
the  same  with  a  small  proportion  of  "drier"  added  so  that  it  will  dry 
in  from  twelve  to  twenty-four  hours. 

Paint  drier,  also  known  as  japan,  is  a  compound  of  lead  or 
manganese,  or  both,  which  is  soluble  in  oil ;  it  absorbs  oxygen  from  the 
air,  and  passes  it  over  to  the  oil,  for  oil  dries,  not  at  all  by  evapora- 
tion, but  by  uniting  chemically  with  the  ox^'gen  of  the  air,  so  as  to 
make  a  new  material,  not  a  liquid,  but  a  tough  leathery  solid, 
which  weighs  a  fifth  to  a  quarter  more  than  the  oil  from  which  it  is 
made. 

Turpentine  is  sometimes  an  ingredient  of  paint,  and  in  this 
connection,  the  essential  oil  of  turpentine  is  always  meant,  a  color- 
less liquid  which,  lighter  than  water,  is  highly  inflammable  and 
volatile.  Turpentine  mixes  perfectly  with  oil,  and  increases  the 
fluidity  of  paint.  Its  substitute  is  usually  benzine — a  petroleum 
product  between  light  naphtha  and  kerosene — often  mixed  with  resin 
spirits,  or  with  wood  distillates  to  conceal  the  odor. 

Pigments.  The  most  important  pigment  is  white  lead,  Dutch 
process  white  lead  is  standard,  being  made  from  metallic  lead  cor- 
roded by  the  aid  of  acetic  acid.  It  is  a  basic  carbonate  of  lead, 
a  verj'  white,  impalpably  fine  powder,  heavy,  as  all  lead  compounds 
are,  and  haxing  a  natural  affinity  for  oil.  It  is  sold  as  dry  white 
lead,  although  usually  containing  10  per  cent  of  linseed  oil,  and  is 
a  thidc,  heavy  paste,  to  which  oil  may  be  added  by  stirring  it  in 
with  a  stick  or  paddle. 

SMimed  white  lead  is  a  very  different  thing.  It  is  made  di- 
rectly from  ores  containing  lead  and  zinc  by  roasting  them  in  a  fur- 
nace; the  lead  b  converted  into  a  basic  lead  sulphate,  and  the  zinc 
into  onde,  and  these  are  carried  off  in  a  current  of  air,  and  after 
cooling  are  collected  as  a  white  powder  containing  about  o  per  cent 
of  zinc  oxide.  Zinc-lead  is  a  similar  compound  containing  a  very 
much  larger  proportion  of  oxide  of  zinc. 

Next  to  white  lead  in  importance  is  white  zinc,  or  zinc  oxide, 
usually  made  by  burning  zinc  ore  in  a  current  of  hot  air,  though 
French  zinc  is  made  by  burning  the  metallic  zinc. 
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There  are  two  principal  blue  pigments,  nUramarine  and  Prusdan 
blue;  the  most  important  yellow  is  chromate  of  lead,  or  chrome  yellow; 
ochre  is  a  dried  and  powdered  yellow  clay  containing  iron  and  b  of  a 
dull  yellow  color;  green  is  a  mixture  of  chrome  yellow  and  Prussian 
blue,  called  chrome  green.  For  bright  red  a  pigment  is  usually  made 
by  precipitating  a  coal-tar  color  on  barium  or  lead  sulphate  or  some 
other  neutral  base.  English  vermilion  is  too  costly  to  be  used  much 
in  house  painting;  the  dull  reds  are  oxides  of  iron,  such  as  Venetian 
red,  Tuscan  re<l,  Indian  red,  and  the  like,  while  the  browns  are  also 
iron  oxides.  The  blacks  are  either  bone-black  or  lampblack,  though 
graphite  is  used  as  a  preservative  paint  on  metal. 

"Fireproof  paint,'*  which  is  sometimes  used  on  shingle  roofs, 
is  made  by  adding  to  a  gallon  of  any  good  paint  about  a  pound  of 
powdered  boracic  acid.  This  is  not  really  fireproof,  but  retards  the 
spread  of  fire,  the  heat  fusing  the  boracic  acid  to  a  sort  of  glass 
which  keeps  out  the  air.  It  is  of  no  value  until  it  gets  thoroughly 
dry  and  in  the  course  of  a  year  or  two  the  acid  is  washed  out  by  the 
rain;  however,  for  a  time  it  has  considerable  effect. 

Varnishing.  There  are  two  principal  kinds  of  varnish,  spirit 
and  oleo-resinous.  The  most  important  spirit  varnish  is  a  solution 
of  shellac  in  alcohol;  the  American  standard  is  made  by  dissolving 
five  pounds  of  shellac  in  a  gallon  of  alcohol,  but  this  is  too  heavy  for 
common  use,  three  and  a  half  ix)unds  being  more  generally  suitable. 
Shellac  is  naturally  dull  orange-yellow  in  color,  and  is  called  orange 
shellac  in  distinction  from  white  shellac,  which  is  the  orange  bleached 
with  chlorine.  It  is  of  better  quality  l>efore  bleaching,  but,  of  course, 
darker  in  color.  In  spirit  varnishes,  the  liquid,  or  vehicle,  is  volatile 
and  serves  as  a  means  of  spreading  the  resin  in  a  thin,  uniform  film. 
Damar  is  another  sj)irit  varnish,  and  is  a  solution  of  damar  resin  in 
turpentine. 

Oleo-rcjiitwus  varnhhfjt  are  made  by  dissolving  certain  resins 
in  linseed  oil,  with  the  aid  of  heat,  and  as  one  effect  of  the  resin  is  to 
thicken  the  oil,  they  are  thinned  with  turpentine  or  a  substitute. 
The  larger  the  proportion  of  resin,  the  quicker  they  are  to  dr>%  also 
the  harder  and  more  lustrous,  but  also  the  less  elastic  and  durable. 
The  best  of  these  are  more  durable  than  the  spirit  varnishes. 

The  resins  used  in  varnish-making  are  of  vegetable  origin,  and 
come  from  the  warmer  parts  of  the  earth,  mostly  from  Africa,  the 
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Philippine  Islands,  and  from  Brazil;  one  important  and  valuable 
resin  comes  from  New  Zealand,  which  is  outside  the  tropics.  The 
resin  forms  in  limips  on  the  trees,  just  as  spruce-gum  forms  on  spruce 
trees  in  this  country,  but  in  larger  pieces.  This  fresh  resin,  how- 
ever, is  as  a  rule  too  soft  to  make  good  varnish,  the  usable  product 
being,  for  the  most  part,  dug  up  from  the  earth;  the  trees  which 
produce  it  have  long  ago  fallen  and  decayed,  and  the  longer  it  has 
been  in  the  earth  the  harder  and  more  valuable  the  resin. 

Resins  are  of  many  different  kinds,  and  are  beUeved  to  have 
been  produced  by  various  hardwood  trees.    The  varnish-maker  puts 
100  pounds  of  resin  in  a  kettle  over  a  hot  fire,  and  when  it  is  melted, 
which  is  at  about  the  temperature  of  melted  lead,  he  puts  in  hot 
linseed  oil.     If  he  puts  in  oil  equal  in  weight  to  the  melted  resin — 
which  has  lost  between  a  fifth  and  a  fourth  of  its  weight  in  melting 
— ^he  Dvdll  make  a  hard,  lustrous  varnish,  suitable  for  tables   and 
other  furniture;  if  he  puts  in  twice  this  amount,  he  will  have  a 
varnish  suitable  for  general  interior  house-varnishing,  elastic  and 
durable,  but  not  quite  hard  enough  for  furniture;  if  he  puts  in  three 
times  as  much  oil  as  resin,  he  will  make  a  very  elastic,  durable  var- 
nish, which  will  get  hard  out  of  doors,  but  indoors  will  harden  too 
slowly  for  practical  use.    After  the  oil  is  put  with  the  resin,  the  com- 
pound IS  cooked  several  hours  until  it  has  thoroughly  united,  then 
turpentine  is  added  in  sufficient  amount  to  make  it  thin  enough  to 
ttse,  for  it  is  evident  that  without  it  the  resin  will  have  thickened 
the  ofl  so  that  it  will  not  brush  out. 

The  painting  or  coating  of  wood  and  other  combustible  build- 
ing materials  for  the  purpose  of  preserving  the  materials  or  for  dec- 
orative purposes  may,  at  the  same  time,  increase  or  decrease  the 
fire  danger.     Naturally  wood  surfaces  that  are  painted  or  coated 
^varnish,  shellac,  or  oil  serve  to  spread  fire  rapidly,  and  for  this 
fwson  paints  which  to  some  extent  may  be  considered  fire-retardant, 
•fcto  be  preferred.     A  kind  known  as  **cold-water  paint/'  will  be 
'rfwred  to  later.     Whitewash  is  one  of  the  best  fire-retardant  paints 
™wn,  and  because  of  its  value  in  this  respect,  the  formula  recom- 
""■^iKled  by  the  Lighthouse  Board  of  the  United  States  Treasury 
*^^P*rtment  is  given  as  follows: 

"Slake  one-half  bushel  of  unslaked  lime  with  boiling  water,  keeping 
**ov«i«d during  the  process;  strain  it  and  add  a  peck  of  salt  dissolved  in  warm 
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water;  three  pcniDds  of  ground  rice,  put  in  boiling  water  and  boil  to  a  thin 
paste;  one-half  pound  powdered  Spanish  whiting  and  a  pound  of  clear  g)ue 
dissolved  in  hot  m-ater:  mix  these  well  together  and  let  the  mixture  stand  tor 
several  days.  Keep  the  wash  thus  prepared  in  a  kettle  or  portable  furnace 
and  when  used  put  it  on  as  hot  as  possible  with  paint  or  whitewash  brushes." 

Where  possible,  the  coatings  should  be  applied  by  a  hand  brush 
rather  than  by  a  !«praNing  machine,  thus  effecting  a  better  surface; 
special  care  should  be  exercised  not  to  coat  sprinkler  heads  whoe 
installed. 

During  the  process  of  painting  a  building  a  particular  danger 
exists  because  of  the  quantity  of  oils  of  more  or  less  inflammable  and 
volatile  nature  which  are  used  with  the  paints  for  thinning  ordrving 
purposes.  In  resi)ecl  to  the  drying  of  paints,  it  is  needless  to  say 
that  the  use  of  benzine  is  liable  to  result  in  fire.  Aside  from  the  paints 
themselves,  Fire  Insurance  must  ci^nsider  that  the  careless  habits 
of  the  painters,  the  paints,  ix)ts,  and  brushes,  the  men's  work  clothing, 
the  ladders,  cloths,  paper,  and  a  general  collection  of  good  fire  ma- 
terials greatly  increase  the  fire  hazard  of  a  building  under  construc- 
tion. 

Redecorating.  In  reconstruction  work,  paint  or  varnish  is 
sometimes  burnwl  off  with  a  iMiinters  forch,  burning  alcohol,  naphtha, 
or  kerosene.  The  stn)ng  blast  of  flame,  when  directed  against  the 
paint,  d<K^  not  really  burn  it.  but  softens  it  so  that  it  may  imme 
diately  lx»  scrajKnl  off  with  a  st«»l  scrajx*r. 

Varnish  remover  is  a  licjuiii  which  will  dissolve  dried  varnish 
and  paint,  thus  softening  tiie  film  so  that  it  may  be  scraped  off  or 
niblKvl  off  with  a  very  stiff  scrubbing  brush.  Varnish  removers 
consist  mainly  of  act^tonc,  IkmizoIc,  and  similar  liquids,  and  the  best 
of  them  which  arc  patented,  nuitain,  in  addition,  some  waxy  sub- 
stanet*  to  j)revent  tiie  film  from  drying  too  rapidly.  They  are  in- 
flammable and  must  he  use<l  with  can*.  After  removing  the  loosened 
film  of  paint  or  varnish,  the  surface  is  washed  off  with  benzine. 

Kalsomining.  Kalsoniine  (or  calcimine)  is  much  like  white- 
wash, being  a  water  paint  having  lime  as  a  base;  but  whereas  white- 
wash is  a  mixture  of  fn*sh  caustic  water-slaked  lime,  and  has  enough 
adhesive  quality  to  make  it  stick  fairly  well  by  itself,  kalsomine  is 
made  of  the  carbonate  of  lime— chalk  ground  to  a  fine  powder  and 
known  as  whiting.  Paris  white,  or  Spanish  white — mixed  not  with 
pure  water  but  with  size,  a  thin  solution  of  glue,  which  forms  the 
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binder.  To  make  it,  fifteen  or  twenty  pounds  of  whiting  are  mixed 
with  enough  water  to  make  a  thick  paste;  half  a  pound  of  good  white 
glue,  which  has  previously  been  dissolved  in  water,  is  added  to  this, 
together  with  enough  hot  water  to  make  about  one-fifth  as  many 
gallons  as  there  are  pounds  of  whiting — ^that  is,  five  pounds  of  whit- 
ing should  make  a  gallon  of  kalsominc.  Wlien  cool,  it  will  be  a 
jelly,  and  is  then  ready  for  application. 

Cold-Water  Paints.  These  are  related  both  to  whitewash  and 
to  kalsomine;  to  the  former  because  they  contain  quicklime,  and  to 
the  latter  because  they  contain  a  glue-like  cementing  material, 
casein,  which  Is  obtained  from  milk,  and  is  on  the  market  as  a  white 
powder,  soluble  in  a  solution  of  any  alkali  in  water.  In  the  early 
da^'s  of  cold-water  paints,  borax  was  used  as  the  alkali  base,  but 
this  was  a  failure,  because  the  compound  formed  by  it  and  casein 
was  not  altogether  insoluble  when  dry;  the  mixture  of  casein  and 
lime  has  not  this  drawback.  When  water  is  added  to  this  mixture, 
the  casein  first  dissolves  in  the  lime-water,  then  it  combines  chem- 
ically with  more  lime,  and  this  lime  and  casein  compound,  when  dry, 
is  insoluble  and  forms  a  cement  of  considerable  strength.  The  paint 
is  put  up  in  dry  powder  form,  containing  whiting  and  coloring  matter 
in  addition  to  the  proper  amount  of  casein  and  powdered  quicklime. 

MILL  CONSTRUCTION 

The  terms  mill  construction  and  sloiv-buming  construction  have 
originated  from  the  system  of  building  mills  and  factories  according 
to  the  ideas  of  the  Associated  Factor}'  Mutual  Fire  Insurance  Com- 
panies, the  first  referring  to  that  type  of  construction  using  timber 
and  plank  in  heavy  solid  masses  for  the  interior  construction  of  a 
building,  and  the  second  consisting  of  additional  measures  designed 
to  retard  the  spread  of  fire  or  control  and  possibly  extinguish  it. 

The  principles  of  slow-burning  construction  call  for  the  separa- 
tion of  every  floor  from  every  other  floor  by  incombustible  stops;  for 
example,  by  automatically-closing  hatchways,  and  by  encasing  stair- 
ways and  belts  in  brick  or  other  incombustible  partitions,  so  that  a 
fire  shall  be  retarded,  in  passing  from  floor  to  floor,  to  the  greatest 
possible  extent  consistent  with  the  use  of  wood  or  other  combus- 
tible construction  material.  They  also  require  all  suitable  safe- 
guards to  be  provided  against  fire.      The  very  title  slow^uming 
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coiutruction  dearly  indicates  that  the  methoda  used  do  not  consist 
wholly  in  laying  floors  or  roofs  on  thick  planks  and  heavy  timbers, 
spHc-e<l  wi«tt'  uiHirl,  Imt  that  every  effort  is  made  to  give  the  exposed 
surfaces  of  wcmkI  suitable  prote<'tion.  Wood  surfaces  will  surely 
burn  rapiitlv'.  i-six-^'ially  if  finished  with  \-arnbh,  thus  promoting 
the  swift  spread  of  fire  ui>on  or  under  such  wooden  surfaces  unless 
there  Ik'  siinie  im)visiiin  for  stopping  them. 

The  advfMHtes  of  sinw-huniin^  construction  do  not  pretend 
to  hold  to  the  o|iiiiio]i  that  such  construction  is  the  equal  of  the  so- 


called  "fireproof"  const  met  ion,  in  fire-resisting  qualities;  yet  the 
rcK'ilatioii  niillHonstntctioii  fliMir,  suitably  constructed  with  S-inch 
pinnk,  grooved  iind  spliiied,  <-ovcn'il  with  1-inch  top  boarding  laid 
on  timbers  S  or  10  feet  on  centers,  and  made  continuous — thAt  is, 
withiiiit  any  breaks  for  IxOt  boles,  open  elevators,  or  open  stfur^ 
ways  —has  sclilmu  btrn  burned  tbnnipb  by  a  fire  upon  the  floor  or  by 
fire  jHissinn  thmuKb  the  floor  above.  The  fires  usually  have  not 
oiil\-  iK'en  held  in  the  building,  hut  hi  ike  room  in  tckich  they 
vriijiiiatvii. 


Fl(.  tS.     Fin  in  Mill  CoDstmrUd  Buildinc  Shoinng 


i(  Bu*y  TImben  to  Fin 


jteet,  or  cast-iron  columns  in  the  positions  shown  in  Yig.  57. 
ion  posts  have  been  crippled  or  sprung  hy  heat  a  great  nijiny 


120  FIRE  INSURANCE  INSPECTION 

times  during  the  early  periods  of  a  fire»  while  wooden  posts  of  proper 
size  have  never  been  burnt  off  until  other  parts  of  the  building  were 
already  destro\-ed,  Fig.  58.  They  have  in  one  instance  resisted 
fire  for  hours,  while  granite  posts  close  by  them  were  destroyed  by 
cracking  and  scaling — the  granite  measuring  12  X  12  inches. 

Mill  Construction  vs.  Ordinary  Constmctioii.  Mill  construc- 
tion, as  compared  ^ith  ordinary'  construction,  is  against  the  whole 
interior  of  a  building  becoming  a  series  of  wooden  cells  filled  with 
concealed  spaces,  either  connected  directly  with  each  other  or  by 
cracks  through  which  fire  may  freely  pass  where  it  cannot  be  reached 
by  water. 

Mill  construction,  as  compared  with  ordinar>'  construction,  is 
against  the  open  timber  construction  of  floors  and  roof,  which  re- 
sembles mill  construction  but  in  which  the  timbers  and  planks  are 
thin,  light,  and  of  insufficient  size.  Fig.  57. 

Mill  construction,  as  compared  with  ordinary  construction,  is 
against  connecting  floor  with  floor  by  combustible  wooden  stairway's, 
enclosed  in  wood  less  than  2  inches  thick,  Fig.  57;  it  Ls  also  against 
leaving  floors  without  fire  stops  or  fire  guards. 

Mill  construction,  as  compared  ninth  ordinarj'  construction,  is 
against  putting  in  numerous  di\isions  or  partitions  of  light  wood; 

it  is  against  sheathing  brick 
walls  with  wood,  especially  when 
the  wood  is  set  off  from  the  wall 
6/fW£R  o^ T/fuss  jf£Ma£/f.'  h\   fuHiug,   cvcu  if  thcrc  are 

Fig.  50.     Section  of  Hoor  of  So-Called  Mill  Stops  behind  the  fUHing. 

CoQstniction  x  r*ii  ^         ^* 

Mill  construction,  as  com- 
pared with  ordinary  construction,  is  against  using  any  more  wood 
in  finishing  the  building  after  the  floors  and  roof  are  laid  than  is 
absolutely  necessary,  because  there  are  now  many  safe  methods  avail- 
able at  low  cost  for  constructing  and  finishing  walls  and  partitions 
of  slow-burning  or  incombustible  materials. 

Mill  construction  is  opposed  to  a  method  of  construction  which, 
although  it  has  received  the  same  name,  allows  the  use  of  longitudinal 
girders  resting  upon  posts  while  on  the  top  of  the  girders  are  placed 
beams  at  4  feet  or  less  on  centers,  Fig.  59.  This  type  of  construc- 
tion is  not  considered  genuine  mill  construction,  on  the  grounds  that 
it  increases  the  exposed  surface  of  wood,  while  at  the  same  time  the 
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disposal  of  the  timbers  b  such  as  to  obstruct  the  action  of  sprinklers 
and  prevent  the  sweeping  of  a  hose  stream  from  one  side  of  a  room 
to  the  other.  In  Figs,  60  and  61  are  shown  good  types  of  construc- 
tion. Fig.  60  illustrates  the  method  of  laying  the  plank  directly 
on  timbers  or  girders;  while  Fig.  61  shows  a  type  in  which  trusses, 


S'TOS'  PLANM  GROOVED 
t/'  SCAMS         FOR    HA/fVlVOOD 


f'SCAaO^ 


Z^TO  S'RLAfOfx 


MA/M  6/RlX£R  OR   77M3ER    BFT  TOfOFT 
OV  CLNTERJ 

Y\%.  60.    Section  of  Approved  Floor  for 
Mill  Construction 


6fRPER    TIMB£R  OR  MA/H  TWS^ 


Fig.  61.     Mill-Constructed  Floor  with 
Widely-Spaced  Girders 


posts,  or  girders  are  widely  spaced,  necessitating  the  use  of  purlins  to 
support  the  planks. 

There  are  in  use  at  the  present  time  practically  two  sets  of  stand- 
ards for  mill  construction,  those  issued  by  the  National  Board  of 
Fire  Underwriters  as  adopted  by  the  National  Fire  Protection 
Association,  and  those  issued  by  the  Insurance  Engineering  Experi- 
ment Station  under  direction  of  the  Boston  Manufacturers'  Mutual 
Rre  Insurance  Company,  an  illustration  of  which  is  shown  in  Fig. 
62.  The  standards  are  based  upon  the  same  fundamental  principles, 
and  their  differences  will  be  clear  from  a  study  of  the  following 
digest  of  them. 

GENERAL  CONSTt^UCTION 

National  Board  Specifications.  WaHia,  The  material  of  the 
walls  is  specified  as  good,  hard  burnt  brick,  laid  in  the  best  of 
lime  or  lime-and-cement  mortar.  All  exposed  walls  are  to  be  car- 
ried at  least  36  inches  above  the  roof  and  provided  with  a  durable 
coping. 

Bearing  Walh.  The  dimensions  for  bearing  walls  are  specified 
at  12  inches  thick  for  the  top  story,  with  an  increase  of  4  inches  for 
each  additional  story  or  fraction  thereof;  or,  instead  of  these  fixed 
dimensions,  the  wall  may  be  of  an  equivalent  average  thickness. 
The  ledges  formed  by  the  increased  dimensions  of  the  walls  at 
the  various  stories  are  to  be  used  as  supports  for  the  floor  timbers 
which,  where  they  enter  walls,  are  to  rest  on  iron  plates  and  be  self- 
releasing. 
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If  the  walls  are  of  pier  construction,  the  piers  are  to  be  well  laid 
and  flushed  up  full  with  cement  and  graded  in  size  according  to  the 
weights  to  be  carried.  A  minimum  thickness  of  20  inches  is  fixed 
for  the  two  upper  stories  with  an  increase  of  4  inches  for  each  story 
below.  The  piers  are  also  to  be  graded  in  width  of  face  according 
to  the  span  of  the  ba^'s,  the  face  of  the  pier  to  measure  not  less  than 
one-fourth  as  much  as  the  space  between  centers.  The  walls  be- 
tween the  piers  are  to  be  not  less  than  12  inches  thick. 

Non-Bearing  WcUls.  A  minimum  thickness  of  12  inches  is  fixed 
for  the  three  upper  stories,  16  inches  for  the  next  three  stories,  and 
20  inches  for  the  stories  below.  In  case  a  wall  has  a  length  over 
100  feet,  its  thickness  is  required  to  be  4  inches  more  than  the  rules 
just  stated,  or  it  may  be  strengthened  by  piers  or  pilasters  located 
not  over  20  feet  apart. 

Division^  Cut-off,  or  Party  Walls.  Division,  cut-off,  or  party 
walls  may  be  called  upon  to  stop  the  spread  of  fire  from  one  section 
of  a  building  to  an  adjoining  section,  and  are,  therefore,  likely  to  be 
subjected  to  severe  heat  as  well  as  abnormal  strain  or  shock  by 
falling  timbers,  machinery,  etc.  Such  walls  should  be  exceptionally 
thick,  strong,  and  weH  constructed.  It  is  recommended  that  they 
be  made  4  inches  thicker  than  the  rules  below  call  for. 

These  walls  should  have  a  parapet  3  to  5  feet  high  and  extending 
beyond  the  face  of  the  wall  so  as  to  cut  off  the  cornice.  It  should 
have  a  durable  coping,  and  if  the  roof  is  metal,  the  roofing  material 
should  not  be  carried  over  the  fire  walls.  In  case  there  are  monitor 
skylights  or  roof  lanterns  near  these  walls,  the  parapet  should  be 
built  in  a  special  manner. 

If  these  walls  are  bearing  walls,  a  minimum  thickness  of  16 
inches  is  fixed  for  the  two  upper  stories;  otherwise  the  same  rule  of 
increase  as  for  outside  or  independent  bearing  walls,  should  be  fol- 
lowed. 

If  the  walls  are  non-bearing  walls,  a  minimum  thickness  of  16 
inches  is  fixed  for  the  three  upper  stories,  20  inches  for  the  next  three 
stories,  and  24  inches  thick  for  stories  below.  If  the  walls  are  over 
60  feet  in  length,  they  are  required  to  be  4  inches  thicker,  as  pro- 
vided for  outside  or  independent  walls  over  100  feet  in  length. 

In  case  wood  beams  enter  these  walls  at  opposite  sides,  there 
must  be  at  least  8  inches  of  brickwork  between  the  ends  of  beams. 


198 


124 


FIRE  INSURANCE  INSPECTION 


^^;/j^M}y/J?Z-  tKUL  OFFSETS,  C^t/T  BAR 

'''''*'     L0n6ER   THAN  WWTH  OF  BEAM 
FLOOR  BOARDS 


FLOOR 

FLOOR 
77MBERS 


LA6  SCREW 


All  door  openings  in  this  class  of  wall  are  to  be  protected  on 
each  side  of  the  wall  by  standard  automatic  fire-doors,  the  sliding 
type  of  door  preferred. 

In  the  c*ase  of  wood  buildings,  the  cut-off  walls  are  to  extend  at 
least  5  feet  beyond  the  face  of  the  building  and  then  be  built  parallel 
to  the  sides  of  the  building  at  right  angles  for  at  least  5  feet  in  eadi 
direction. 

If  two  sections  of  a  building  which  are  cut  off  from  each  other 
adjoin  so  as  to  form  an  angle,  the  two  walls  forming  the  angle  are  to 
be  treated  as  exposed  walls  for  a  distance  of  at  least  30  feet  from  the 
angle.    This  requires  that  all  windows  and  other  openings  be  bricked 

up  or  protected  with  stand- 
ard cut-offs.  In  the  case 
of  minor  sections  such  as 
boiler  or  engine  houses,  this 
rule  is  applied  only  to  the 
walls  of  main  buildings  or 
principal  sections  of  the 
building. 

Mutual  Specifications. 
WalU,  The  minimum  thick- 
ness of  brick  walls  is  placed 
at  12  inches,  with  a  rec- 
ommendation for  6  inches 
at  the  top  story,  and  an  increase  in  thickness  at  the  lower  stories  to 
support  the  additional  load. 

Walls  constructed  of  bearing  sections,  called  pilasters,  and  non- 
bearing  sections  called  panels,  are  preferred  because  of  advantages 
over  plain  walls. 

Arches  for  windows  and  doors  are  recommended  to  be  of  brick, 
while  the  sills  for  windows  and  doors  and  the  underpinnings  or 
footings  are  recommended  to  be  of  granite  or  concrete. 

Fire  walls  should  l)e  carried  2j  feet  al)ove  the  roof  and  provided 
with  vitrified  coping  laid  in  Portland  cement  mortar. 

FLOOR   CONSTRUCTION 

National    Board   Specifications.     Floors  are  to   be   solid    and 

without  openings. 


^ig.  63.      Self-RelcasinK  Boam  Support  for 
Mill  ConHt  ruction 
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Floorinff.  The  flooring  or  floor  board  is  specified  as  not  less 
ttuin  34nch  splined  plank  covered  with  1-mch  dressed  flooring,  which 
should  preferably  be  laid  diagonally.  Between  the  planks  and  the 
dressed  flooring  shall  be  laid  two  thicknesses  of  approved  waterproof 
material,  flashed  at  least  3  inches  at  the  walls  and  around  columns 
and  openings  and  provided  with 
mcMing  or  mopboard. 

Floor  TivAert.  Floor  timbers 
are  reoommended  to  he  heavy 
single  stick  and  to  be  suitable  for 
the  load  carried,  but  in  no  case  less 
than  8  inches  in  either  dimension. 
The  floor  timbers  are  to  rest  on 
wall  ledges,  and  where  entering 
walb  are  to  be  self-releasing.  Figs. 
63  and  G4.    If  auxiliary  beams  are 

neceaaary  they  shall  rest  on  top  of  main  girders,  and  not  c 
iron  stirrups. 

When  floor  timbers  rest  on  columns  or  posts,  they  are  to  be 
self-releasing.  They  shall  not  be  bolted  to  walls  or  posts.  If  they 
enter  division  or  party  walb,  they  shall  have 
8  inches  of  brickwork  between  the  ends.  If 
floor  timbers  are  of  iron  or  steel,  they  are  to 
be  protected  by  not  less  than  2  inches  of  terra 
cotta,  concrete,  or  their  equivalent. 

Potts  and  Columns.     Posts  and  columns 

are  to  be  proportioned  in  size  according  to 

the  weights  to  be  carried.    For  timber  posts, 

the    smallest    cross-sectional    dimension    is 

placed  at  not  less  than  8  inches ;  all  corners 

of  posts  are  to  he  rounded. 

All  posts  are  to  be  superimposed  or  con- 
tinuously posted  throughout  all   stories  and 

are  to  be  connected  by  properly-designed  east-      '''"\f  Jjpi  ""'' '''"."'"  '"■■ 

iron  caps  with  cast-iron  pintle  and  base  plate, 

Fig.  65.     If  posts  or  columns  are  of  iron  or  steel,  they  are  to  be 

protected  by  not  less  than  2  inches  of  terra  cotta,  concrete,  or  their 

equivalent. 
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Scuppered  Floors.  It  is  recommeiided  tlwt,  where  feauble, 
fioors  be  built  with  slight  pitch,  1  inch  to  each  20  feet,  and  have 
proper  scuppers  with  drain  pipes,  Fig.  66. 

Mutual  SpeciAcatioiis.  The  use  of  auxiliary  girders  or  beams 
is  not  recommended.  Hie  standard  construction  calls  for  the  use  ol 
prders  and  columns  of  wood. 
The  use  of  cast-^n  columoa 
'a  accepted  as  satisfactorj-,  pro- 
\'ided  the  building  is  equipped 
nith  automatic  sprinklers,  but 
they  are  not  considered  as 
(ire-resistant  as  timber,  lie 
use  of  wfought-iron  and  steel 
members  is  accepted,  provided 
they  are  encased  with  fire- 
proofing  material. 

Flooring.  The  floor  boards 
or  flooring  is  specified  as  s|»uce 
plank  4  inches  or  more  in  thidc- 
ness  according  to  the  floor 
I  loads.  His  is  sinlced  directly 
to  the  floor  timbers  and  kept 
at  least  )  inch  clear  of  the  face 
of  the  brick  walb. 

The  b&>-s  are  fixed  at  S  to  10) 
feet  nnde  and  the  plank  b  laid 
two  iMys  in  length,  laid  to  break  joints  ever>-  4  feet,  and  grooved  few 
hardwwNl  splines.  A  top  flooring  of  birch  or  maple  b  laid  at  ri^t 
uiigles  to  the  planking.  Fig.  t>7;  in  some  rases  a  double  top  floor  is 
laiil,  the  lower  one  being  of  soft  wood  laid  diagonally  upon  the  plank- 
ing and  the  upper  one  laid  lengthwise.  This  double  top  floor  allows 
boards  in  alleys  or  other  much-used  places  to  be  easily  replaced 
when  worn,  while  the  diagonal  lx>ards  brace  the  floors,  reduce  %-ibn- 
tion.  and  distribute  lli>-  floor  load  in  a  better  manner.  Between  the 
tliKir  planking  and  the  top  flmtr  boards,  2  or  8  layers  of  heaN*^'  tarred 
|>nper  is  plaoeil.  laid  to  break  joints,  and  each  layer  mopped  with 
liot  tar  or  similar  material  to  produce  a  n-ater>-tight  as  well  as  a  dust- 
tight  Boor. 


Floor  8f  up[«n 


Dnin  Pipr 
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Conent  floors  are  advised  for  basements  or  lower  floors  of  mills, 
whenever  wood  is  not  absolutely  necessary.  If  wooden  floors  are 
required,  crushed  stone  cinders  or  furnace  slag  is  spread  evenly  over 
the  surface  and  covered  with  a  thick  layer  of  hot  tar  concrete  On 
this  is  laid  tarred  felt  well  mopped  with  hot  tar  or  asphalt  on  which 
a  floor  of  2-inch  seasoned  plank  is  pressed,  ^ 

nailed  on   edge  without  perforating  the  ^        ^ 

waterproofing  under  it.    On  top  of  thb      '**^''  -«, 

[banking,  the  hardwood  top  floor  boards    A/vS^  , 
are  nailed  crosswise.  '^^^^"^ 

Floor   Timbers.     Floor   timbers    are        f-i.owi    <■ 
recommended  to  be  in  large  masses  which 
present  the  least  surface  possible  to  a  fire.     Fig.  at.    Approved  Mutu«i  Type 
No  sticks  less  than  6  inches  in  width  should 

be  used,  even  for  the  lightest  roofs,  and  for  substantial  roofs  and 
floors,  much  wider  ones  are  needed. 

Timber  shall  be  of  sound  Georgia  pine.  For  sizes  up  to  14X16 
inches  single  sticks  are  preferred,  but  timbers  7  or  SX16  inehes  are 
<tfteD  used  in  pairs  and  bolted  together  without  air  space  between. 
IWbers  shall  not  be  painted,  varnished,  or  Blled  for  three  years, 
because  of  the  danger  of  "drj-rot";  an  air  space  shall  be  left  in  the 
masoiDTy  around  the  ends  for  the  same  reason.  Iliey  shall  not  be 
covered  with  airproof  plastering  or  oil  paints. 

Timbers  shall  rest  on  cast-iron  plates  or  beam  boxes  in  the 
walls  and  on  cast-iron  caps  on  the  columns.  Beam  boxes  are  of 
value  as  they  strengthen  the  walls,  when  floor  loads  are  heavy  and 
the  distance  between  the  windows  b  small.  They  facilitate  the 
la>-ing  of  the  brick  and  the  handling  of  the  beams  and  there  is  less 
possilulity  of  breaking  away  the  brick  in  putting  the  beams  in  place. 
They  also  insure  a  proper  ur  space  around  the  ends  of  beams.  When 
timbos  rest  on  posts,  they  rest  on  an  iron  plate  and  are  joined  by 
^•indi  round  iron  dogs  on  top. 

Cdumru.  Columns  of  Southern  pine  shall  be  bored  through 
the  center  by  a  l|-inch  hole  for  the  purpose  of  reducing  checking. 
Id  case  the  posts  are  made  of  unseasoned  wood  and  are  painted, 
varnished,  or  filled,  they  shall  also  be  bored  with  ^-inch  holes,  top  and 
bottom,  for  ventilation  in  order  to  prevent  fermentation  ("dry-rot")- 
IWy  shall  be  cut  with  thdr  ends  square  with  the  axis.    Columns 
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shall  be  set  on  pintles,  which  may  be  cast  in  one  piece  with  the  cap, 
or  separately  as  preferred;  but  the  use  of  built-up  caps  or  wrought 
iron  or  steel  is  not  ailviscil. 

IVaterprouf  Filers.  Floors  are  arranged  to  drain  into  the  tower 
sections  of  buildings.  Tlie  floors  of  each  stor>'  in  the  tower  are 
made  about  1  inch  lower  than  the  floors  in  the  adjoining  compart- 
nicnts.  The  AlU  art*  sloped  to  make  up  for  this  diiTerence  in  level 
and  the  sill  of  the  outside  d(M)r  in  the  tower  is  made  lower  than  the 
tower  floor.  Water  on  floors  in  the  tower  would  ordinarily  flow 
down  the  stuirs  and  elevator  shafts,  and  the  arrangement  of  floor 
levels  indicatetl  ahf»ve  will  onlinarily  prevent  water  flowing  from  an 
upper  flm)r  into  one  of  the  lower  compartments  through  the  tower. 
Cast-iron  scup|K'rs  are  advised  and  should  be  set  in  the  brick- 
work at  fn*quent  intervals  and  so  designed  that  they  will  cany 
away  rapidly  a  niaxinnim  quantity  of  water  from  the  floors  of  each 
compartment.  Water-ti^ht  floors  are  also  ilcsirable  and  become 
a  necessity  in  certain  wart^houses  containing  valuable  contents; 
in  thre«-  or  four-story  warehouses,  however,  these  are  not  usually 
considered  essential.  In  higher  buildings,  one  or  two  floors  are 
often  covere<l  with  an  inch  of  rock  asphalt  properly  applied  and 
turned  up  around  ])osts  and  at  walls  about  4  inches. 

FLOOR  OPENINGS 

National  Ik)ard  Specifications.  Shafts  and  elevators  are  to  be 
enclosed  in  brick  shafts  with  standard  fire-doors  at  all  openings  to  a 
builtiing.  The  walls  of  the  shafts  are  to  pierce  all  floors  and  extend 
y  feet  above  the  roof.  Shafts  arc  to  be  ventilated  by  ordinarj'  thin 
glass  v.indows  opening  outride  0>ut  not  so  as  to  exp<isc  windows  in 
the  building  itself)  or  by  a  thin  glass  skylight  protected  by  standard 
wire  netting.  The  top  of  the  skylight  may  l)e  wired  glass  while  the 
sides  of  the  sk\light  may  he  thin  glass.  Shafts  are  to  have  a  3-foot 
drainage  pit  at  the  bottom  connected  with  a  sewer  to  carrj'  off  the 
water  coming  from  the  upper  floors. 

A  stairway  which  extends  through  one  floor  only  is  to  be  of 
inci)mbustible  Tiriterial.  ('onnnuni(»atitm  with  the  floor  is  to  be 
entirely  cut  olF  by  a  fireproof  partition  of  terra  cotta,  concrete,  or 
iron  frame,  with  mi*tal  lathing  or  expanded  metal  plastered  on  both 
sides.    A  standard  flre-door  fitted  with  approved  automadc  devices 
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must  be  provided  at  the  opening  in  this  partition.  A  curbing  at 
least  3  inches  high  must  be  placed  around  the  head  of  each  stair- 
way and  the  floor  must  be  inclined  up  to  the  curbing. 

Mutual  Specifications.  Elevators,  stairs,  and  main  belts  are 
to  be  located  in  brick  towers  or  in  sections  of  the  building  cut  off  by 
incombustible  walls  from  all  the  rooms  of  a  factorj'.  The  openings 
in  these  walls  are  to  be  provided  with  fire-doors,  preferably  self- 
dosing.  These  fire-doors  are  hung  on  heavj'-  inclined  solid  steel  rails 
at  least  3JX}  inches  and  balanced  by  weights  held  by  fusible  links. 


All  belts  and  ropes,  which  may  be  used  for  the  transmission  of 
power  to  the  various  rooms,  are  placed  in  incombustible  vertical 
belt  chambers  from  which  the  power  is  transmitted  by  shafts  through 
the  waUs  into  the  several  rooms  of  the  factory.  There  shall  be  no 
ODprotected  or  unguarded  openings  in  the  inner  walls  of  this  belt 
tlamba'.  Hatchways  which  are  not  in  a  fire-resistant  enclosure  are 
automatically  cut  off.  "Die  specific  points  to  which  attention  is 
caDnl  in  connectioD  with  Fig.  68  are  as  follows: 
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Main  belts  entirely  Bei)arated  f rom^the  manufacturing  rooms  by 
solid  brick  walb,  to  prevent  fire  being  communicated  from  the  power 
plant  to  the  mill,  or  from  one  floor  to  another. 

Elevator  and  stairs  in  brick  tower  with  standard  automatic 
fii'e-doors. 

Closets  in  a  separate  tower  rather  than  in  the  manufacturing 
rooms. 

Boiler  plant  cut  off  from  engine  room  by  brick  wall  with  door- 
way; also  protected  by  standard  automatic  sliding  fire-door.^  • 

PARTITIONS 

Natioiial  Board  Specificatioiis.  Partitions  of  incombustible 
material,  or  of  2-inch  matched  plank  coated  with  fire-retarding  paint, 
are  specified. 

Mutual  Specifications.  Partitions  of  light  wood  are  prohibited 
and  slow-burning  or  incombustible  materials  recommended. 

FINISH 

National  Board  Specificatioiis.  Wood  or  other  combustible 
finish  is  prohibited  and  a  non-combustible  finish  without  couched 

space  is  specified. 
/v^J^.  ^xcrr^^^^^  Mutual  Specifications.    The  sheath- 

ing of  brick  walls  with  wood,  esp)ecially 
,oo6s      when  furred,  is  prohibited. 

The  use  of  varnish  upon  woodwork 


ROOF   TJMBE/^        va  y  hmti]  ^^5  .  ,.,.^      , 

^jsafEw     IS  prohibited. 

CAP  Plastering,  if  used,  should  be  plain 

lime  and  water  plaster,   which  is  suffi- 

FiR.  09.    conntniotion  of  Rm.f      cicutly  poFous  to  permit  seasoning.     The 

Tinibera.     Mutual  Sperifi-  1  i*    •  p    xl_         1  •  ^      #    !•  a^ 

cations  addition  of  the  skim-coat  of  iime-putty 

is  prohibited,  especially  if  the  top  floor 
boards  are  laid  upon  resin-sized  or  asphalt  paper. 

The  painting,  varnishing,  or  filling  of  timbers  is  prohibited. 

ROOF 

National  Board  Specifications.  Roof  timbers  are  not  to  be 
less  than  6  inches  either  dimension,  and  single  stick  timbers  are 
preferred. 
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The  roof  boarding  is  to  be  3-inch  splined  plank  and  the  covering 
is  to  be  of  metal,  grave),  or  approved  composition. 

The  cornice  b  to  be  of  brick  or  incombustible  material.  If  of 
metal,  it  must  in  no  way  communicate  with,  or  provide,  a  space  com- 
municating with  the  roof  timbers. 

Mutual  ^ledficatlons.  Roof 
timbers  are  not  to  be  less  than 
6  inches,  Fig.  C9,  and  the  board- 
ing b  3-inch  pine  plank  spiked 
directly  to  the  roof  timbers. 
The  covering  is  5-ply  tar  and  ^X'^re- 
gravel  roofing. 

An  incombustible  cornice  is 
recommended  when  there  is  ex- 
posure from  neighboring  build- 
ings. A  wood  cornice  is  con- 
structed to  be  open,  Fig.  70, 


ENGINE  AND  BOILER  HOUSE 

Mutual  Specifications.  Boilers  an<l  engines  are  placed  in  une- 
storj-  buildings  cut  off  by  a  fire  wall  from  the  rest  of  the  plant.  The 
boiler  plant  is  cut  off  from  the  engine  room  In-  a  brick  wall,  and  door- 
waj-s  in  this  wall  are  protected  by  standard  automatic  sliding  fire- 
doont,  Fig.  68. 


FIRE-RESISTINQ  MILL  CONSTRUCTION 

Tlie  increasing  cost  of  heavy  timber,  and,  in  fact,  of  all  lumber; 
the  lessened  cost  of  erection  of  the  so-called  fireimxif  types,  entirely 
of  reinforced  concrete,  or  with  protected  steel  frames  and  incom- 
bustible floors;  and  the  obvious  advantages  of  more  fire-resisting 
construction,  especially  in  the  congested  sections  of  cities;  all  of  the 
enumerated  factors  and  more  have  tended  to  bring  these  types  into 
more  general  use. 

In  machine-shops  and  other  plants  requiring  exceptionally 
heavy  floor  construction  above  the  ground  level,  steel  beams  are  of 
necessity  resorted  to,  and  by  maintaining  wide  spacings  of  from 
7  to  12)  feet,  all  the  advantages  of  the  standard  mill  construction 
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are  retained,  except  that  of  resistance  to  fire,  provision  for  whidi, 
when  necessar>',  may  be  made  by  fireproofing.  To  obtain  unusu^ 
stiffness  between  the  beams  in  this  tj-pe,  the  floors  may  be  made 
up  of  2-inch  joists  laid  on  e<lge  and  spiked  closely  together,  the 
thickness  of  the  fioor  varying  from  5  to  8  inches  or  more,  depending 
upon  the  load  and  span.  This  floor  being  practically  a  single  unit, 
pro\'ision  must  be  made  for  contraction  longitudinally  by  making 
a  continuous  joint  in  the  under  flooring  at  intervals,  making  arrange- 
ments, of  course,  for  tj'ing  the  buikling  together. 


It  is  a  recognized  fact,  thati'steel  or  wrought  iron,  when  heated, 
will  fail  by  buckling  or  bending  vorj-  miicli  sooner  than  the  equiva- 
lent beam  or  post  of  wood,  and  consequently  it  is  of  importance  that 
the  steel  members  which  are  essential  to  the  stability  of  the  structure 
shall  be  protected  by  fireproofing.  This  protection  requires  that 
in  buildings  more  than  one  story  in  height,  the  posts  upon  which 
the  structure  de]>ends  shall  be  fireproof  so  that  a  fire  in  a  lower  story 
may  not  bring  down  all  above  it.  In  the  ordinary  one-story  ma- 
chine shop,  or  buildings  of  a  similar  nature,  where  wide  spans  of 
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trusses  are  necessary,  the  use  of  unprotected  steel  is  not  objection- 
able, but  in  cotton  mills  the  use  of  such  steel,  either  as  columns  or 
beams.  Is  to  be  avoided  if  safety  b  to  be  assured  and  inconvenience 
avoided  in  case  of  fire.  In  any  mill,  the  sprinklers  may  have  their 
supply  of  water  temporarily  shut  ofF,  as  has  been  the  case  in  several 
lai^  fires,  and  in  sadi  cases  even  a  comparatively  small  fire  would 
soon  heat  the  steel  members  to  a  point  where  they  would  fail  by 
bending  or  buckling.  Fig.  71. 

In  buildings  with  wooden  floors  supported  by  steel  beams, 
the  importance  of  fireproofing  these  beams  is  evident  if  they  are  to 
be  made  as  fire-resisting  as  the  floors.  Fig.  72  gives  in  detail  an 
bexpenuve  method  of  protecting  steel  beams,  as  well  as  wrought- 


rv-  72.      Ap|.r.iv.<l  Pr., 


iron  or  steel  columns  wlien  used.  For  the  latter,  however,  a  more  sub- 
stantial method  is  usuall.<i-  advisable;  protection  should  also  be  pro- 
vided against  mechanical  injury  near  the  floor.  A  similar  protection 
is  applicable  to  rooms  with  wooden  ceilings  where  quick  flash  fires 
are  liable  to  occur;  this  method  has  long  been  provided  for  ceilings 
ill  picker  and  dust  rooms,  the  metal  lath  being  applied  directly  to 
the  under  »ide  of  the  planking  and  around  the  beams,  thus  almost  en- 
tirely avoiding  the  inconvenience  of  repairs  after  the  somewhat 
frequent  small  picker-room  fires. 

REINFORCED  CONCRETE  MILL  CONSTRUCTION 

The  increasing  use  of  reinforced  cmicretc  fur  factory  coiistruc- 
tion  and   its  adaptability  for  wrtain  classes  of  buildings,  make  it 
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advisable  to  outline  a  few  features  which,  from  a  fire  protection 
standpoint,  constitute  its  main  advantages. 

(I)  Every  floor  above  the  ground  floor  may,  by  avoidance  of 
vertical  openings  through  them,  be  made  practically  a  fire  wall,  and 
the  floors  being  in  themselves  incombustible,  a  fire  in  any  stoiy  may 


ordinarily  bf  confined  to  it.  In  order  tu  accomplish  this,  however, 
it  is  essential  that  stairs,  elevators,  and  belts  be  placed  in  fireproof 
enclosures,  with  njR'niiip*  to  each  floor  by  fire-doors  or  shutters. 

(2)  If,  in  addition  to  the  omission  of  vertical  openings,  pro- 
vision is  made  for  water-tight  floors  by  itslog  the  right  mixtures  of 
good  concrete  and  proper  ilesign  and  workmanship,  the  possibility  of 
damage  by  water  on  fliM>rs  Ijelow  that  in  which  the  fire  occurs  is 


I  lo  n  mimtnum.    An  essentmt  feature  of  the  design  is  the 
I  iHOviaoti  of  scuppt'ts  of  such  size  ami  form  as  to  quickly  carrj-  out- 
side any  water  upon  the  floorb.    The  standard  form  of  brick  o 
crrtc  stair  and  clevntor  tower  may  also  sei\e  this  purpose. 

(3)  The  building,  as  a  whole,  being  of  incombustible  material 
there  is  practically  no  fuel  upon  which  a  fire  may  feed,  and  even 
if  the  conteiila  are  combustible,  there  is  less  chance  of  a  serious  fire, 
it  for  any  reason  the  protective  appliances  are  temporarily  disabled. 
This  is  A  .toiirce  of  satisfaction  to  owners,  in  that  a  total  loss  is  almost 
impossible. 

A  building  of  this  type  is  very  rigid  and  can  be  designed  to  carry 
lieaiy  floor  loads  without  deflection.     This  is  of  great  advantage  in 


eannvctton  with  the  use  of  certain  kinds  of  running  machinery  re- 

qioring  can-ful  adjustment,  or  for  heavy  machinery,  or  for  material 

^  must  be  stored  on  floors  above  the  first,     it  is  not  as  conven- 

lowever.  for  bolting  dou*n  machinery  or  for  hanging  shafting. 

■  the  use  nf  any  nf  the  various  types  of  fire-resisting  construc- 

I  caution  is  nn-ded  to  the  effect  that  a  fireproof  building  ean- 

t  expected  to  protect  inflammahle  cuntents  when  a  fire  starts, 

»r  this   reason   automatic  .sprinklers   are   ordinarily   neede<l. 

an   e.'wential   feature   of  gixnl   factory   construction   in- 
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eludes  not  only  consideration  of  the  building,  but  of  protection 
adequate  for  the  character  of  work  carried  on  in  each  room.  Proper 
and  sufficient  thickness  of  fireprooBng  to  thoroughly*  protect  all 
steel  work  is  also  necessary,  and  it  must  be  substantial  in  its  fasten- 
ings. 

In  the  erection  of  reinforced  concrete  factories  the  employ- 
ment of  comi>etent  engineers  and  contractors  is  urged.  The  failure 
uf  these  buildings  during  construction  and  aftem-ard  can,  in  almost 
every  instance,  be  traced  to  faulty  design  or  irresponsible  builders, 
who,  in  their  effort  to  cheapen  the  structure,  weaken  it  at  vital  points 
or  hasten  its  <t)iustruction  beyond  a  safe  limit. 

Four  illustrations  are  pven  to  show  the  adaptability  of  this 
construction  to  factory  work.     The  stairway.  Fig.  73,  is  also  appli- 


<'uble  to  the  factory  with  tinilxT  fl<M)rs,  furnishing  a  safe  and  ready 
means  of  exit.  Sutli  stairways  are  required  by  the  ordinances  of 
many  cities.  Flj;,  74  illustrates  the  application  to  the  ordinary 
factory  building  of  the  wi<le  bay  type,  with  one  line  of  sprinklers 
through  llie  center  of  oacli  bay.  i'igs.  75  and  76  illustrate  its  ap- 
plication to  s«w-tiiotli  construction,  the  interior  view  being  of  special 
interest  as  eni]>hasi};ing  the  great  vahic  of  the  saw-tooth  form  of 
skylight  in  diffusing  the  Hglit  uniformly  over  the  entire  floor  area. 


CONSTRUCTION  OF  BUILDINGS  137 

FIRB  WALLS  AND  FIRE  CURTAINS 
In  the  application  of  the  recognized  principles  of  fire  protection, 
engineers,  architects,  and  factory  managers  must  not  neglect  the 
consideration  of  the  area  over  which  a  single  fire  may  be  communi- 
cated. Experience  has  shown  that  fire  may  extend  from  one  build- 
ing to  another  across  an  intervening  space  if  walls  are  not  incom- 
bustible and  window  openings  are  not  adequately  protected;  hence, 
the  desirability  of  good  distance  between  buildings  is  clear  especially 
if  they  are  of  several  stories  in  height.  The  necessity  of  light  and 
ur  also  requires  this,  but  in  one-  and  often  in  two-story  buildings 
these  last  considerations  do  not  ordinarily  apply,  and  the  tendency 
has  been  to  erect  one-story  buildings  of   considerable   height  and 


pi 

1 

extended  ares,  and  with  roofs  of  ver.\'  cvmbustibie  construction 
through  which  a  fire  might  readily  sweep,  in\oiving  the  entire  struc- 
ture. Such  fires  not  only  indicate  the  need  of  automatic  sprinklers 
in  plants  of  this  character,  but  show  the  necessity  for  subdivision 
of  large  areas  by  fire  stops. 

In  the  design  of  new  plants  or  extension  of  old  ones,  <lue  regard 
should  therefore  be  given  to  the  arrangement,  so  that  hazardous 
processes  may  be  separated  from  the  main  values,  and  large  areas 


138 


FIRE  INSURANCE  INSPECTION 


or  values  be  reasonably  subdivided  by  substantia)  fire  walls  ex- 
tending through  the  roofs.  The  possibility  of  a  single  fire  wrecking 
the  entire  plant  is  thus  ordinarily  avoided.   . 

Areas  need  to  be  of  proper  size  for  economical  shop  management, 
but  there  is  a  limit  beyond  which  there  is  no  gain  and  perhaps  on 
the  contrar>'  a  distinct  disadvantage.  Cases  may  be  cited  where  a 
needed  fire  wall  has  been  omitted  for  no  other  reason  than  to  save 
the  cost  of  the  wall  itself. 

A  device  called  afire  curtain,  Fig.  77,  which  is  adapted  for  use  in 
large  roofs  over  areas  which  now  cannot  be  otherwise  subdivided,  is 
installed  between  the  sections  of  a  sprinkler  system  so  that  the 
heads  on  either  side  may  be  fed  by  independent  risers.    These  cur- 


tains, with  the  assistance  of  the  fire  apparatusj  will  prevent  a  fire 
extending  rapiiily  tlm)UKh  a  roof  and  will  confine  the  fire  to  much 
smaller  areas,  thus  (i|>e[iiiig  a  smaller  number  of  sprinklers,  pre- 
venting the  overtaxing  of  the  water  supply,  and  at  the  same  time 
lessening  the  damage  by  water. 

Fire  curtains  must  l)c  substantially  erected  and  it  is  of  impor- 
tance that  the\-  fit  tightl\-  at  the  roof  in  order  that  fire  or  heat  may 
not  pass  o\er  them  at  this  \ital  point.     They  may  be  built  of  metal 
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lath  with  cement  plaster,  or  of  galvanized  or  corrugated  iron,  and 
are  best  fastened  directly  to  the  side  of  one  of  the  trusses  and  to 
angle  iron  secured  to  the  under  side  of  the  roof  plank. 

ONE-STORY  STOREHOUSE  OF  MILL  CONSTRUCTION 

The  best  modem  practice  in  the  construction  of  one-story  com- 
partment storehouses,  Fig.  78,  intended  primarily  for  storage  of 
cotton,  but  adapted  for  other  stock  in  bales  or  cases,  is  as  follows: 

Construction.  Compartments.  The  area  of  each  compartment 
should  not  be  over  10,000  square  feet  for  non-hazardous  storage, 
nor  more  than  5,000  square  feet  for  cotton. 

The  height  should  accommodate  one  bale  standing  on  end  with 
good  clearance  space  above,  to  provide  for  distribution  of  water 
from  sprinklers,  or  to  allow  cased  goods  to  be  piled  two  high  without 
coming  up  between  the  beams,  should  it  be  desired  to  use  a  section 
wholly  for  this  purpose.  Nothing  should  ever  be  piled  between  the 
beams  or  within  a  floor  of  the  under  side  of  them,  because  of  the 
interference  with  the  distribution  of  water  and  the  liability  of  the 
sprinkler  pipes  being  struck  and  bent  or  broken  from  their  fastenings. 

Each  section  as  designed  has  a  capacity  of  600  bales  of  cotton 
on  end  or  corresponding  quantities  of  other  stock. 

Walls.  The  compartments  should  be  separated  by  brick  fire 
walls  12  inches  thick  extending  not  less  than  2  feet  above  the  roof 
and  provided  with  a  vitrified  coping  laid  in  cement  mortar  at  the 
tc^.    There  should  be  no  doorways  in  these  division  walls. 

TTie  side  walls  should  be  of  brick  8  inches  thick  reinforced  by 
12-inch  pilasters.  Solid  12-inch  walls  throughout  would  be  a  little 
more  substantial  and  not  much  more  expensive.  All  door  openings 
should  have  round-nosed  bricks  at  the  edges. 

Floors.  The  floors  of  concrete,  pitched  slightly  to  the  d(K)rs, 
should  be  laid  some  distance  above  the  natural  surface  of  the  ground. 
In  case  the  ground  is  wet,  open  tiled  drains  should  be  laid  around 
the  edges  of  the  compartment  inside  the  foundation,  and  tar  con- 
crete used  for  the  floor  material. 

Roofs.  The  roofs  should  be  built  of  j)lank  and  timlwr  sup- 
ported on  substantial  posts  having  the  corners  rounded,  Fig.  79. 
It  is  often  ad\nsable  to  sheath  these  posts  with  iron  about  3  feet 
high  from  the  floor  to  protect  them  from  trucks.     In  no  case  should 
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Fig.  78.     Plan  and  Section:}  of  a  Ono-Stor>'  Compartment  Storehouse  of  tlie  Bert  BCD 
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timber  less  than  6  inches  in  thickness  be  used,  as  very  light  beams 
ue  readily  combustible  and  even  a  slight  charring  takes  away  a 
Urge  proportion  of  their  strength.  The  roof  covering  should  be 
5-ply  felt  tar  and  gravel  and  substantial  zinc  Sashing  should  be  used 
where  necessary.  The  galvanized  iron  ventilators  should  be  of  such 
design  as  to  prevent  the  entrance  of  sparks  from  exposures. 

Windoum.  The  windows  should  be  placed  as  high  as  possible 
and  have  wooden  frames  glazed  with  common  glass.  These  sashes 
should  be  hinged  at  the  bottom  to  swing  inward  and  provided  with 
chains  and  catch.  Doors  and  windows  need  special  protection  if 
there  are  exposures. 

Protection.  Aviomaiic  SprinkUra.  A  standard  equipment  of 
automatic  sprinklers  should  be  installed  in  each  section.    If  the 
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building  can  be  heated  slightly,  the  water  may  be  kept  on  the  sprink- 
lers throughout  the  year,  but  if  there  is  danger  from  freezing,  an 
air  system  with  the  water  controlled  by  an  approved  dry-pipe  valve 
must  be  used.  All  pipes  must  have  at  least  }-inch  pitch  per  10  feet, 
bade  to  the  main  riser  to  insure  proper  drainage. 

Hw  number  of  heads  in  each  section  of  this  size  (50X100  feet) 
is  sudi  that  five  compartments  may  be  controlled  by  one  dry-pipe 
\ilve  located  in  the  middle  section.  The  valve  room  is  built  low 
in  the  ground  with  double  walb,  roof,  window,  and  door,  to  prevent 
entrance  of  frost,  and  in  the  colder  cUmates  artificial  heat,  such  as 
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steam  or  mn  dectric  heater,  b  advisable.  In  mild  dimates,  it  is 
usually  preferred  to  run  a  line  or  two  of  steam  pipe  overhead  in 
each  section  of  the  storehouse  for  use  in  the  few  cold  davs,  and 


erlinl  Serlioo  of  Fi(.  80  Showlnf  Slulrwky*  laolBttd  in 


thus  avoid  the  expense  of  installation  and  maintenance  of  a  dr>'- 
I»pe  valve.    The  protection  by  this  method  is  much  superior. 

The  water  supply  for  the  sprinklers  as  well  as  for  such  outside 


wf^ptx/r  spot!  Ejri^ 


liydmits  as  may  be  needed  should  be  of  good  capacity,  preferably 
&0D1  two  iDd^iendent  sources. 
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POUR-STORY  STOREHOUSe  OP  MILL  CONSTRUCTION 

The  best  practice  in  the  t-nnstniction  of  a  storehouse  more  than 
two  stories  in  height,  Figs.  80,  81,  82,  and  83,  intended  for  storage 
of  raw  stock  or  gnods,  is  as  follon's: 

Construction.  Citmpartmentt.  The  area  of  each  compartment 
should  be  preferably  5,000  square  feet,  and  not  over  10,000  square 
feet  for  non-hazardous  storage;  5,000  square  feet  is  the  usual  stand- 
ard for  cotton. 

The  height  for  each  afyxy  fw  cotton  or  for  other  inflammable 
material  should  be  such  as  to  permit  the  storage  of  but  one  bale  on 
end — 8  feet  from  floor  to  floor  is  generally  sufficient.  When  designed 
for  cased  goods,  the  height  should  be  sufficient  to  take  two  cases 
w-ith  10  inches  to  12  inches  to  spare  under  the  beams  in  order  not  to 


impede  the  distribution  of  water  from  the  sprinklers.  Ample  provision 
for  passageways  should  also  lie  made. 

The  c-ompartments  should  be  separated  from  each  other  by 
solid  brick  walls  and  he  accessible  onlj'  from  (he  elevator  and  stair 
tower,  with  the  openings  to  the  latter  prtitected  by  standard  auto- 
matic sliding  (l(K)rs.  This  will  confine  damage  to  the  compartment 
in  which  a  fire  may  start. 

Walh.  Brick  walls  should  lie  at  least  12  inches  thick  in  the 
top  stories  and  increased  at  the  lower  floors  to  support  their  addi- 
tional load.  The  pilastercd  wall  has  many  favorable  features  and  is 
preferred  to  the  plain  solid  form.  Window  and  door  arches  should 
be  of  brick;  window  and  outside  door  sills  and  underpinning  should 
be  (if  granite  or  cdncrete. 
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.Rocf^f  "Roofs  should  be  of  3-inch  pine  plank,  spiked  directly 
to  the  heavy,  roof  timbers  and  covered  with  5-ply  tar  and  gravel 
roofing.  Roof  should  pitch  ^  inch  to  the  foot.  Conductor  pipes 
should  not  pass  through  the  building  unless  the  storehouse  is  to  he 
heated  in  winter.  An  incombustible  cornice  is  needwi  when  there 
is  exposure  from  neighboring  buildings.  The  fire  wall  should  l)e 
carried  2}  feet  above  the  roof,  and  provided  with  vitrifitxl  coping 
laid  in  Portland  cement  mortar. 

Floors.  There  must  be  no  vertical  openings  through  fi(K)rs 
except  in  the- tower,  so  that  fire  cannot  gain  access  to  one  floor  from 
another  without  burning  through  the  solid  plank  floor. 

Floors  should  be  of  spruce  plank  8  inches,  or  4  inches,  or  more,  in 
thickness  according  to  the  floor  load  and  should  he  spiked  directly 
to  the  floor  timbers.  In  floors  and  roof  the  hays  should  be  from 
8  to  10)  feet  wide  and  all  plank  should  be  two  bays  in  length  laid 
to  breach  joints  every  4  feet  and  grooved  for  hardwoixJ  splines.  The 
plank  at  the  walls  should  be  left  out  until  the  windows  are  put  in  to 
prevent  damage  from  swelling  in  case  of  rain. 

The  top  floor  should  be  of  maple  or  other  close-grained  hard- 
wood. The  floor  and  roof  timbers  should  Ik*  sound  Georgia  pine  in 
single  sticks,  if  possible;  if  it  is  found  nec*(*ssary  to  use  double  l>eams, 
they  should  be  bolted  together  without  air  space  hetwi^en.  Timbers 
should  rest  on  cast-iron  plates  or  beam  Imxes  in  the  walls  and  on 
cast-iron  caps  in  the  columns.  At  least  a  half-inch  air  spac*e  should 
be  left  around  all  beams  built  into  the  masonry.  Columns  of  South- 
em  pine  should  be  cut  with  their  ends  square*  with  the  axis. 

Windows,  windows  may  Ih»  of  small  area,  but  should  be 
placed  high  in  order  to  give  the  best  light. 

Protectfon.  Sprinklers.  A  standard  equipment  of  automatic 
sprinklers  should  be  installed  throughout.  In  mild  climates  and 
under  some  conditions  in  cold  ones  it  is  advisable  to  install  on  each 
floor  a  line  of  l}-inch  steam  pipe*  overhead  to  provide  sufficient  heat 
to  prevent  freezing  of  the  water  in  the  sprinkler  pipes.  If  the  build- 
ing is  not  heated,  an  air  system  with  water  controlliHl  by  an  approved 
dr>'-pipe  valve  must  be  used  and  all  pi]H*s  must  have  a  half-inch 
pitch  per  10  feet  back  to  the  main  riser  to  insure  pro]KT  drainage. 
A  dr>'-pipe  valve  chamlxT  may  be  located  in  the  basement  of  the 
stair  tower.    The  number  of  sprinklers  on  one  dry-pijH'  valve  should 
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preferably  not  exceed  'MX),  and  40()  is  the  maximum  allowed  under 
these  rules.  By  heating  the  storehouse,  the  expense  of  installation 
and  maintenance  of  the  dry-pipe  system  b  avoided,  and  in  buildings 
of  this  substantial  character  only  a  ver}'  small  amount  is  needed, 
as  the  temperuiure  need  be  kept  only  a  little  above  the  freezing  point. 

Stand  pi j)es.  Standpipes  are  often  ad\isable  in  the  stair  towers 
of  the  higher  storehouses  and  provision  should  be  made  below  frost 
for  draining  them  in  cold  weather,  \iith  a  readily-accessible  indicator 
post  gate  for  controlling  the  supply  in  case  of  emergency. 

Water  supply  for  the  sprinklers  and  standpipes  as  well  as  for  such 
outside  hydrants  as  may  be  needed  should  be  of  good  capacity  from 
two  independent  sources. 

ONE-STORY  WORKSHOPS  OF  MILL  CONSTRUCTION 

For  workshops  on  cheap,  level  land,  especially  where  the  stock 
is  heavy,  one-story  buildings  have  proved  to  be  more  economical 
in  cost  of  fl<x)r  area,  supervision,  and  moving  stock  in  process  of 
manufacture;  machinery  can  also  l)e  run  at  greater  speed  and  with 
less  repair  than  in  high  buildings.  ^^^liIe  the  saw-tooth  form  of  roof 
may  not  always  he  nec*t»ssary  or  advisable,  an  outline  is  herewith 
given  of  a  tyjx*  common  for  machine  shops,  foundries,  and  similar 
occu])ancy  wh(»rt*  incrt^ased  head  room  is  required  and  traveling 
cranes  used,  Kigs.  S4  and  So. 

Construction.  The  ctMitcr  section  over  the  crane  is  often  pro- 
vided with  saw-tooth  skylights  with  excellent  results,  and  in  others 
the  side  hays  are  made  higher  for  a  gallery.  These  buildings  are 
rt*a<iily  warmed  and  ventilated,  and  the  heavy  plank  roofs  are  free 
from  eoiideiisatioii  in  cold  weather.  Window  areas  should  be  as 
wide  as  practicahU*  and  extend  as  high  as  possible.  Forced  circu- 
lation of  heatal  air  is  very  desirable  with  overhead  steam  pipes. 

Roofs.  The  principles  of  standard  mill  construction  should  be 
followed-  Trusses  in  roofs  art*  onlinarily  from  8  to  20  feet  on  cen- 
ters, the  .S-ineh  plank  spanning  the  distance  between  the  trusses, 
or  resting  on  purlins  not  less  than  8  feet  on  centers  and  running  longi- 
tudinally. It  is  important  that  monitors  l)eof  substantial  plank  con- 
struction with  wide  bays  as  in  the  main  roofs. 

The  cornice  is  of  the  overhanging  type  with  drip  outside 
without  gutters.     The  internal  gutters  are  preferred,  as  an  outside 
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drip  is  often  objectionable.  WTien  in  locations  exposed  by  other 
buildings  of  hazardous  construction  or  occupancy,  parapeted  brick 
walls  and  cornices  are  needed. 

Floors.  If  earth  or  cement  floors  are  not  suitable^  wood  floors 
should  be  laid  as  follows:  Make  a  bed  of  broken  slag  or  stone 
several  inches  thick  and  thoroughly  rolled,  upon  which  put  a  4-inch 
layer  of  tar  concrete  and  on  this  1  inch  of  asphalt  evenly  rolled. 
On  this  lay  2-inch  or  3-inch  hemlock  planks  bedded  in  hot  pitch,  and 
over  them  a  |-  or  1  J-inch  maple  floor  at  right  angles  to  the  plank. 

Protection.  Sprinklers.  This  t^'pe  of  wide  bay  construction 
is  adapted  to  economical  installation  of  a  sprinkler  equipment  as  the 
minimum  number  of  heads  are  required,  thus  keeping  down  the  cost. 

Appliances.  The  usual  outside  fire-protection  appliances  are, 
of  course,  to  be  provided. 

SAW-TOOTH  ROOF  CONSTRUCTION 

The  great  advantages  and  the  increasing  use  of  saw-tooth  roof 
construction,  as  well  as  the  lack  of  familiarity  with  it  at  many  fac- 
tories, make  it  desirable  to  outline  its  important  features. 

Specifications.  Two  typical  designs  are  illustrated — Fig.  86 
shoi^-ing  a  textile  weave  shed  with  good  basement  for  the  shafting 
with  which  to  drive  the  looms  on  the  main  floor,  thus  dispensing 
with  the  overhead  shafting  and  belting  in  the  weave  room;  Fig.  87 
showing  a  design  for  a  light  machine-shop  or  foundry.  Other  de- 
signs with  light  wooden  trusses  or  with  reinforced  concrete  con- 
struction are  equally  desirable. 

It  may  be  well  to  state  that  the  light  roof  of  2-inch  and  3-inch 
joists  and  boards  should  never  be  used.  Furthermore,  while  slow- 
burning  or  mill  construction,  \ivith  heavy  timbers,  is  preferred,  the 
increasing  cost  and  difficulty  of  promptly  obtaining  yellow  pine 
lumber  of  good  dimensions,  often  necessitates  the  use  of  trussed 
forms,  using  rather  light  timbers;  in  every  case,  however,  they 
should  be  not  less  than  6  inches  in  width  and  of  a  depth  sufficient  to 
carr>'  the  load — ^this  in  order  that  they  may  be  *'slow-burning.'' 
The  roof  in  all  cases  should  be  of  plank  with  wide  bays. 

The  adaptability  of  the  light  forms  of  steel  for  framing  trusses, 
especially  when  wide  spans  are  needed,  often  compels  their  use,  and, 
in  plants  having  safe  occupancy  such  as  metal  workers,  these  are  not 
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objectionable,  providing:  adequate  sprinkler  protection  with  good 
water  supply  is  available  w  prevent  quick  failure  of  the  steel  work,  due 
to  heat  from  coiubustioii  uf  contents  or  roof.  Similar  protection, 
of  course,  is  needecl  in  shui>s  with  wooden  trusses  if  disastrous  fires 
are  to  be  prevented,  but  experience  has  shown  that  the  steel-trussed 
roof  will  fail  much  ([uicker  than  one  of  wood  under  similar  condi- 
tions. WtHMleii  )M>sts  are  nearly  always  available  and  should  be 
^ivt-n  the  preference,  but  If  lipht  steel  columns  are  used,  they  should 
Ih-  well  protected  by  in.sulatinp  materials  if  ii)  rooms  containing  com- 
bn-tibles.  us  the  roliimn  is  the  vital  part  of  the  roof  support. 


Rotif  Cooitrnclion 


Advantages  of  Saw-Tooth  Roof.  {!)  I'niform  diffusion  of 
light  throughout  the  room,  thus  making  all  space  available.  With 
all  interior  surfaces  paiiiteii  white  ami  with  ribbed  glass  in  the  sash 
the  diffusion  nf  lipht  i?  alnii>rt  iwrfect. 

r2)  Adaptability  fur  lighting  large  floor  areas  in  wide  build- 
ings with  low  heail  riMmi  iimipan.'d  to  what  b  necessary-  in  wide 
buildings  with  the  onlinary  form  of  monitor  skylights. 


CONSTRUCTION  OF  BUILDINGS 


153 


(3)  Offers  the  true  solution  to  the  problem  of  excluding  the 
direct  nys  of  tbe  sun  and  obtaining  the  verj'  desirable  north  light. 

(4)  Economy  in  lighting,  in  that  it  lessens  the  fixed  charges  by 
decreasing  tbe  number  of  hours  during  which  artifidal  light  u 
oeceasarj-, 

(o)  Better  working  conditions,  especially  in  textile  mills,  there- 
fore  increasing  production  and  encouraging  permanency  of  the  help. 

(6)  Especially'  adapted  to  n'ea\'ing  and  similar  processes  in 
textile  factories,  Figs.  88  and  89;  machine-shops;  fuundries  doing 
light  work,  and  similar  work,  such  as  assembling  and  drafting;  and 
in  some  dye-houses  where  careful  matching  of  colors  is  necessary. 


n«.  ».     InMriot  View  of  CoIUid  Mill 


Dbadvanti^es  of  Saw-Tooth  Roof,  ^^'hile  testimony  of  those 
having  had  experience  with  saw-tooth  roofs  is  almost  uniformly 
favorable,  more  or  less  difficulty  has  been  experienced,  practically 
all  of  which  may  be  considered  as  due  either  to  faulty  design  or  poor 
workmanship.  Tlie  difficulties  in  general  are  caused  by  leaks  due 
to  severe  conditions  during  winter  in  our  northern  climates,  poor 
ventilation,  exces»ve  heat  when  roofs  are  thin,  or  excessive  condensa- 
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tion  on  under  side  of  roof  and  glass  when  the  temperature  outside  is 
low  and  there  is  considerable  moisture  in  the  rooms. 

Suggestions.  The  following  suggestions  show  how  these  diffi- 
culties may  be  obviated  if  applied  to  special  cases  by  competent 
engineers  or  architects.  \Miat  is  good  engineering  from  the  view- 
point of  the  manufacturer  can  also  be  good  engineering  from  the 
view-point  of  fire  protection,  and  any  design  should  be  adapted  to 
both,  if  the  best  interests  of  the  manufacturer  are  to  be  served. 

(1)  It  being  desirable  to  avoid  direct  sunlight  and  at  the 
same  time  obtain  abundance  of  light  perfectly  diffused,  the  saw- 
teeth should  face  approximately  north  and  the  glass  should  be  in- 
clined to  the  vertical  in  order  to  take  advantage  of  the  brighter  light 
in  the  upper  sky  and  to  prevent  the  cutting  off  of  the  light  by  the 
saw-tooth  immediately  in  front,  and  above  all  to  show  the  diffusion 
of  the  light  upon  the  floor  rather  than  on  the  under  side  of  the  roof 
planking. 

(2)  The  glass  should  make  an  angle  of  20  to  25  degrees  with 
the  vertical,  and  an  angle  of  approximately  90  degrees  at  the  top  of 
the  saw-tooth,  the  variations  to  depend  upon  the  latitude  and 
the  amount  of  light  required.  A  sharper  angle  at  the  top  is  detri- 
mental, as  it  increases  the  cost  by  increasing  the  spans  and  the 
amount  of  roof  to  cover;  more  glass  is  also  required  in  proportion 
and  the  light  is  not  as  gocxl,  more  sky  light  l)eing  lost  and  too  much 
being  thrown  on  the  under  side  of  roof. 

(3)  Double  glazing  with  space  between  is  preferred  on  account 
of  its  conducting  qualities,  but  is  not  always  necessar>'  except  in 
the  north  country.  The  inside  glazing  should  be  factory-ribbed 
glass,  with  ribs  vertical  and  inside;  shadows  cast  by  trusses  are 
then  almost  unnoticeable. 

(4)  Condensation  gutters  are  needed  on  the  inside  at  the  bot- 
tom of  the  sash  and  they  should  be  drained  through  inside  conductors 
and  not  to  the  outside  under  bottom  of  the  sash,  as  these  latter  admit 
cold  air  and  are  liable  to  freeze. 

(5)  ^'alleys  between  the  saw-teeth  should  be  flat,  14  inches 
to  2  feet  in  width  and  pitched  ^  inch  per  foot  toward  the  conductors, 
which  should  be  of  ample  size,  and  not  much  over  50  feet  apart — 
preferably  less.  The  necessary  pitch  may  be  obtained  by  cross-pieces 
of  varying  heights  on  top  of  the  trusses,  thus  avoiding  hollow  spaces. 


164 


CONSTRUCTION  OF  BUILDINGS  155 

(6)  Leaks,  a  common  fault,  may  ordinarily  be  prevented  by 
careful  design  of  gutters,  valleys,  and  sashes,  and  by  insisting  on 
good  workmanship  and  materials.  The  roof  covering  of  asphalt  or 
pitch  should  be  continuous  through  the  valleys  and  extend  up  to  the 
glass.  We  illustrate  one  form  of  construction  understood  to  have 
been  ver}'  satisfactory,  Fig.  86,  and  in  connection  with  it  refer  to 
the  papers  and  discussion  on  Saw-Tooth  Roofs  in  Transactions 
A.  S.  M.  E.,  Vol.  XXVIII,  1907,  which  contain  much  of  value. 

(7)  Experience  has  demonstrated  the  advantage  of  a  combina- 
tion of  direct  radiation  i^ith  a  fan  sufficient  only  for  ventilation 
and  tempering  the  room.  Heating  pipes  should  usually  be  placed 
overhead  and  directly  under  the  front  of  the  saw-teeth,  and  should 
run  the  entire  length,  so  as  to  assist  in  preventing  condensation. 
Where  there  is  no  moving  shafting  some  forced  circulation  is  neces- 
sary, and  is  best  obtained  by  fan,  often  driving  air  from  a  dry  base- 
ment or  outside  as  required,  and  discharging  it  over  het^ting  coils 
to  the  floor  above.  In  weave  and  similar  rooms  this  is  especially 
necessary'  and  advantageous  in  promoting  health  and  comfort  of 
employes,  making  greater  efficiency  possible.  Ventilation  and  cool- 
ing of  these  large  areas  with  comparatively  low  stories  must  not  be 
neglected.  Ample  vents  are  needed  at  the  top  in  the  shape  of  large 
metal  ventilators  with  double  walls  and  tight  dampers.  They  are 
recommended  instead  of  pivoted  or  swinging  sash,  which  are  apt 
to  leak  in  driving  storms  and  when  open  allow  dirt  to  blow  in  off 
the  roof,  (rood  wuidows  are  advised  in  side  walls  and  experience 
has  shown  their  value. 

(8)  Framing  of  the  saw-teeth  may  be  in  timber,  steel,  or  rein- 
forced concrete.  The  design  should  be  such  as  to  obstruct  the  light 
as  little  as  possible,  strong  enough  to  hold  wet  snow  without  sagging, 
and  stiff  enough  to  carry  shafting  motors,  etc.,  when  they  are  to  be 
overhead.  WTien  wood  or  steel  is  used,  the  roof  planking  should 
be  3  inches  or  over,  spanning  wide  bays  of  8  to  10  feet. 

Hollow  spaces  in  roofs  should  not  be  permitted.  They  are  very 
undesirable  from  a  fire  standpoint,  and  any  condensation  which 
may  take  place  in  them  during  cold  weather  soon  rots  both  plank 
and  sheathing. 

Sheathing,  even  without  spaces  behind  it,  is  a  more  or  less  bad 
feature,  and  it  is  readily  combustible;  if  used,  however,  it  should  be 
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applied  directly  to  the  under  side  of  the  roof  plank,  with  only  a  layer 
of  some  insulating  material  between,  so  that  there  may  be  no  con- 
cealed space.  If  «3-inch  plank  is  sufficient  for  a  flat  roof,  it  should  be 
for  a  saw-tooth,  and  uith  good  circulation  of  air  there  should  be 
no  trouble  except  in  wet  rooms,  where  condensation  is  bound  to  occur 
whether  under  a  roof  or  the  floor  of  the  room  above,  unless  large 
quantities  of  dry  air  are  discharged  into  the  room^ 

Saw-tooth  roofs  necessarily  cost  more,  as  there  is  practically 
the  same  amount  of  roofing  as  in  flat  roofs,  and  in  addition  there  is 
the  cost  of  windows,  glazing,  flashing,  conductors,  condensation 
gutters  for  the  skylights,  and  a  somewhat  larger  cost  of  heating. 
The  additional  cost  of  these  items  does  not,  however,  fairly  represent 
comparative  cost,  as  there  should  be  considered  the  total  cost  of  the 
building  compared  with  an  ordinary  one  of  stories  sufficiently  hi^ 
and  narrow  enough  to  give  the  required  light.  When  all  of  these 
things  are  considered,  the  slight  additional  cost  is  far  outweighed  by 
advantages  of  the  tyi)e  for  work  where  good  light  is  desirable. 
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PART  III 

PRIVATE  FIRE  PROTECTION 

AUTOMATIC  SPRINKLERS 

History.    Sir  William  Congreve,  an  English  engineer,  who  in 
1812  patented  an  early  type  of  sprinkler,  described  it  in  his  patent 
papers  as  ''an  apparatus  for  extinguishing  fires  which  shall  be  brought 
to  bear  upon  the  precise  part  where  the  flames  exist/*    After  a  cen- 
tury of  development  the  modem  sprinkler  accomplishes  with  won- 
derful reliability  and  success  what  his  device  professed  to  do.     Pre- 
nous  to  his  time  there  had  been  put  into  operation  many  schemes 
for  automatically  extinguishing  fires;  that  is,  devices  by  which  the 
fire  itself  or  the  heat  from  it  released  a  chemical  or  a  stored  supply 
of  water  by  which  the  flames  themselves  were  then  put  out.     As  early 
as  1723  a  man  named  Godfrey  invented  one  such  system  in  which 
lines  of  fuses  led  to  a  pewter  chamber  of  gun  powder  within  a  cask 
of  extinguishing  fluid.    This  was  tried  in  London  and  reported  suc- 
cessful. 

In  1806  John  Carey  patented  a  system  in  which  open  nozzles 
>rCTe  attached  to  empty  lines  of  pipe  extending  from  an  elevated 
'tank.     Weighted  valves  held  closed  by  combustible  cords  kept  the 
'^ater  out  of  the  pipes  until  it  was  needed  and  released  by  a  fire. 
The  most  eWdent  drawback  to  this  scheme  was  the  general  distribu- 
tion of  the  water  over  large  areas  instead  of  its  being  confined  to  the 
Seat  of  the  trouble.     Congreve's  sprinkler,  as  his  definition  shows 
\is,  was  designed  to  overcome  this  fault.     His  form  of  nozzle  was  held 
dosed  by  cement  which  was  supposed  to  fusi»  at  11()°F.,  this  device 
showing  a  great  advance  over  previous  attempts. 
Some  of  the  problems  yet  unsolved  were — 
(a)  The  proper  distribution  of  the  water  discharged. 

jCap9ri§ht,  191Z,  hy  American  School  of  Correspondence. 
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(b)  The  making  of  the  head  reliably  certain  in  action  and  yet 
tight  and  strong  enough  to  prevent  leakage  or  rupture  of  the  solder 
joint. 

(c)  The  location  of  the  fusible  solder  so  that  the  flow  of  cold 
water  through  a  partly  opened  orifice  would  not  chill  the  solder 
below  the  melting  point,  and  thus  prevent  the  entire  opening  of  the 
sprinkler. 

(d)  The  making  of  a  permanent  solder  which  should  have  a  suf- 
ficiently low  melting  |X)int. 

(e)  The  protection  of  tlie  sprinkler  head  against  corrosion  and 
incrustation.  This  last  has  proven  tlie  most  difficult  problem  and 
even  at  the  present  time,  although  there  are  many  protective  devices 
and  preparations,  much  in  this  line  remains  to  be  done. 

Parmelce  Sprinkler,  In  sj)ite  of  so  early  a  beginning  it  was  not 
until  1874  that  any  sprinkler  head  was  perfected  sufficiently  to  be 
sold  for  practical  purposes.  Tliis  first  commercial  sprinkler  was 
manufactured  and  sold  by  Parmelee  of  New  Haven,  Conn.,  and  the 
use  of  this  sprinkler  was  rapidly  adopted*  for  here  in  New  England 
the  need  of  such  an  automatic  sprinkling  device  was  seriously  felt  in 
the  cotton  mills  where  hazards  were  great,  and  premiunLs  and  losses 
large. 

SincT  then  the  automatic  sprinkler  has  been  developed  rapidly. 
Some  of  the  men  who  have  Ixvn  prominent  in  this  field  since  Parme- 
lee are  Barnes,  Bruce,  Esty,  Gray,  Grinnell,  Harkness,  Kane,  Neu- 
racher,  Walworth  and  many  others. 

MODERN  SPRINKLERS  AND  THEIR  INSTALLATION 

FH'inciple  of  Action.  In  general  the  modern  sprinkler  head  or 
sprinkler  valve  consists  of  a  one-half  inch  orifice,  a  few  inches  from 
which  is  a  deflector  or  "splash  plate.'*  The  stopper  of  this  orifice  is 
held  in  place  by  a  series  of  metal  pieces  held  together  by  fusible  solder, 
and  so  arranged  that  they  form  a  strut  or  brace  between  the  stopper 
and  the  deflector. 

A  slight  rise  in  tenijKTature,  due.  say,  to  a  fire,  would  cause  the 
solder  to  melt,  the  brace  then  drops  apart  and  releases  the  stopper 
and  the  water  escaping  strikes  the  deflector  which  breaks  it  into  a 
shower  that  descends  upon  and  extinguishes  the  fire.  One  sprinkler 
head  can  wet  a  floor  area  of  from  50  to  1(X)  square  feet. 
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Solder.  The  solder  now  used  Is  practically  the  same  in  the 
various  heads  and  consists  of  an  alloy  of  bismuth,  cadmium,  and 
lead.  Other  formulas  and  combinations  of  metal  have  been  tried 
but  have  not  been  successful,  one  containing  mercury  having  been 
used  in  some  of  the  early  types.  The  present  solder  melts  between 
155®F.  and  165®F.,  alloys  of  lower  fusing  point  having  been  found 
after  many  experiments  to  be  unreliable. 

In  order  to  be  approved  and  accepted  by  the  National  Board  of 
Underwriters  a  sprinkler  head  must  pass  the  following  test  and  meet 
the  following  requirements: 

NATIONAL  BOARD  REQUIREMENTS  FOR  SPRINKLER  HEADS 

A  sprinkler  head  when  open  must  have  an  unobstructed  outlet  of  such 
fiiie  that  with  but  5  pounds  pressure  it  will  be  able  to  discharge  at  least  12 
gallons  a  minute. 

When  new  it  should  not  leak  under  a  test  of  300  pounds  hydraulic  pres- 
sure, nor  should  it  burst  or  leak  when  the  pressure  is  suddenly  raised  from 
0  to  300  pounds,  five  hundred  or  more  times  consecutively. 

The  solder  used  in  the  sprinklers  designed  for  ordinary  use  should  not 
melt  below  155^.  but  should  melt  below  165"*?.  The  solder  for  the  so  called 
hard  heads  used  in  boiler  rooms,  dr>'ing  rooms,  and  wherever  the  normal  tem- 
perature is  above  165%  must  fuse  at  some  point  between  275  and  300  and  this 
fusing  point  must  not  change  with  age. 

Although  in  use  it  is  best  that  sprinkler  heads  be  attached  to  the  pipe 
in  an  upright  position  to  prevent  the  collection  of  sediment  in  them,  they  must 
be  designed  to  operate  satisfactorily  in  either  a  pendant  or  upright  position; 
and  in  either  position  with  the  deflector  from  4  to  6  inches  below  a  smooth 
ceiling,  a  head  must  be  able  with  5  pounds  nozzle  pressure  to  wet  the  ceiling 
over  an  area  of  at  least  3  to  4  feet  in  diameter  and  throw  about  40  per  cent 
of  the  water  inside  a  floor  area  10  feet  square  and  with  50  pounds  nozzle  pres- 
sure not  less  than  75  per  cent  of  the  water  must  be  thrown  within  the  10  foot 
square. 

Although  a  sprinkler  may  have  a  rotary  deflect  or  and  a  spring  under  the 
valve  seat  to  expedite  the  opening  aft«r  the  solder  has  fused  it  will  not  be 
approved  unless  the  head  can  pass  the  above  test  independent  of  the  help  of 
these  features. 

Types.  Of  about  300  different  types  of  sprinkler  heads  which 
ha\'e  appeared,  less  than  a  dozen  have  been  successful  enough  to 
survive  and  bear  the  approval  of  insurance  companies.* 

At  the  present  time  those  sprinklers  which  have  come  up  to  the 
standards  and  are  approved  by  the  UnderwTitcrs  are  as  follows:  The 


*A  Ttrj  eompletiB  ecrflectioii  of  pieturen  of  old   and  now  typos  of  sprinkler  heada  i« 
twbiiihtd  by  tbs  Inramic«  Reld.  LouUville,  Ky. 
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Crowder,  Issue  A;  Garrett,  Issue  A;  Grinnell  Improved  1903;  HTib- 
bard,  Issue  A;  International,  Issue  B;  Manufacturers,  Issue  C;  Neu- 
racher.  Improved  I9()2;  Xiagara-Hihbard,  Issue  B;  Rockwood, 
Issue  C. 


UrinneU.  The  form  of  Grinnell 
lifiul  i)ow  in  nse  is  illustrated  in  Rgs. 
00,  in,  aiidHli.  The  t-hief  fault  with 
tln'  furly  Grinnell  issues  was  that  the 
vhK-c  ihsk  was  composed  of  a  metal 
which  cither  corroded  or  was  so  soft 
tliat  under  constant  water  pressure  it 
hccarac  indented  and  stuck.  "Hie 
present  issue  of  the  Grinnell  head  has 
■A  ^lass  valve  disk;  this  is  held  against 
11  flexible  ahiminum  bronze  valve  seat 
whi<-h  is  sprung  inward.  This  glass 
stopjxT  is  held  in  place  by  an  arrange- 
ment of  three  metal  pieces  which  are 
soldeni!  together  and  braced  between 
the  deflector  and  the  glass  valve. 
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It  is  evident  ihat  the  greater  the  water  pressure  the  tighter 
the  joint  between  the  viJve  and  the  flexible  valve  seat.    Further- 


more when  the  head  starts  to  open,  the  water  pressure  as  well  as 
the  tension  of  the  valve  seat  forces  it  to  follow  the  glass  disk  out- 
ward, keeping  the  joint  tight  until  the  solder  is  entirely  melted.  In 
this  way  its  being  chilled  and  reset  is  prevented.  The  water  that 
is  discharged  strikes  against  the  ^^ 

pronged    splash    plate    and    b  ^^^1^^^ 

broken  into  a  shower. 

Rockvood.  In  the  Rockwood 
sprinkler  head,  Figs.  93,  94,  and 
95,  the  valve  disk  is  of  metal  and 
the  arrangement  of  pieces  holding 
1  he  valve  in  place  is  such  that  the 
fumble  part  is  held  out  in  an 
eqwsed  p>o^tion. 

MamtfactuTen.     Figs.  96  and 
97  illustrate  the  construction  of  the  Manufacturers'  head.     The 
valve  disk  in  this  is  porcelain  and  the  valve  seat  at  the  point  of 
contact  is  German  ulver,  which  prevents  corrosion.    Beneath  the 


Fi(.  65.     S«piri 


162  FIRE  INSURANCE   INSPECTION 


PRIVATE  FIRE  PROTECTION 


163 


TABLE  II 
Number  of  Sprinklars  to  Qlven  Size  of  Pipe 


Site  of  Pipe  (Inches) 

Maximum  Number  of  Sprinklera  Allowed 

I 

1 

1 

2 

li 

3 

U 

5 

2 

10 

2* 

20 

3 

36 

3} 

65 

4 

80 

5 

140 

6 

200 

\'alve  is  a  coiled  spring  to  unseat  it  quickly  when  the  solder  has 
melted,  although  without  the  spring  the  valve  is  readily  unseated 
by  means  of  the  water  itself. 

Intematiamd.  Figs.  98  and  99  illustrate  the  International  sprink- 
ler in  which  the  valve  disk  or  valve  cap  is  of  bronze  and  is  held 
in  place  by  two  levers  whose  ends  are  in  turn  secured  by  a  fusible 
link. 

INSTALLATION  OP  SPRINKLER  SYSTEMS 

Sprinkler  Spacing.  When  in  use  these  sprinkler  heads  are 
attached  at  intervals  of  from  6  to  12  feet  to  a  system  of  overhead 


Fif.  100.    Various  Forms  of  Ceiling  Hangers  for  Sprinkler  Pipe 

pipes  running  in  parallel  lines  about   10  feet  apart.    The  pipes 
which  are  constantly  supplied  with  water  under  pressure  are  hung  or 
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suqwnded  from  the  ci-ilin^  by  «Toug:ht  or  cast  iron  hangers,  F^. 
100.    "Die  sectioas  of  pipe  between  the  sprinkler  heads  are  con- 
nected at  each  sprinkler  by  a  tee,  Fig.  101, 
to  which  the  sprinkier  itself  b  attached.    Tlese 
ceiling  sprinkler  pipes  slope  at  least  i  inch 
in  e\-er>-  10  feet  toward  the  feed  pipe,  which  in 
turn  slopes  toward  the  riser  that  supplies  It, 
Fie-  loi.  fvriaUti  Pipe      >»  ordcr  that  the  entire  s\'steni  can  be  drained. 
**  Each  ceiling  pipe  also  gradually  decreases  in 

size  according  to  the  number  of  sprinklers  which  it  has  to  feed,  as 
shown  by  Hg.  102.  Table  II  shows  the  size  of  the  [npe  necesaarj'  to 
supply  to  each  sprinkler  a  proper  amount  of  water  under  good 
pressure,  when  all  the  beads  are  open. 

Feed.  There  are  various  ways  of  arranging  these  overhead 
lines  and  their  feeders  and  of  connecting  them  to  the  main  riser 
from  which  they  draw  their  supply,  as  shon'n  in  Figs.  103  to  108 
inclusive.  Of  these  the  center  central  and  the  side  central  are  the 
best,  the  former  being  preferred  if  there  are  over  6  sprinklers  on  a 
branch  line. 


Fif.  102.     Sprinkler  Pipini  Syiiem  Sbovinii  Reduwd  SiiM  ot  Pip«  According 
la  Nuubec  ui  Spri^ler  Hruls 


Preparation  of  Building  for  Installation.  In  order  that  the 
water  from  the  sprinklers  ma\-  reach  ever^-  part  of  the  building  and 
stock,  a  clear  space  of  at  least  2  feet  must  be  allou'ed  for  below  the 
ceilings,  which  meaas  that  higli  shelves,  decks,  and  high  piles  of  stod[ 
must  be  removed.  Furthermore,  there  must  be  no  concealed  spaces 
such  as  under  ceilings  or  sheathing,  in  hollow  sidings  or  in  small 
cupboards,  etc. 
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Since  vertical  drafts  act  to  carry  the  heated  air  away  from  tKe 
qninkters,  all  floor  openings,  etc.,  causing  such  drafts  should  be 
stopped  by  approved  doors  or  traps;  in  case  two  floors  must  com- 
municste  with  such  approved  stops,  curtain    boards  or  cornices 


—  — -[ *^-^^ 


ulion  of  Sprinkler  Feed  Pipn 

cxtencUng  at  least  6  inches  below  the  fusible  part  of  the  sprinklers 
must  be  fitted  around  the  openings  in  order  to  bank  up  the  heated 
air  from  a  fire  so  that  instead  of  its  being  carried  away  from  the 
^rinklers  it  will  accumulate  and  act  upon  them. 

Extent  of  System.    When  a  sprinkler  system  is  installed  insur- 
ance companies  require  that  it  should  extend  to  every  part  of  a 


'      '      i      '      1     ^      '      ir 


fk.  lOt.     Sid>  Cmtnl  SyBtem  of  DiitribulioD  of  Sprinkler  Feed  Yw* 

buiMing  including  basements  and  lofts;  under  st^rs;  inside  elevator 
wells;  in  belt,  cable,  pipe,  gear,  and  pulley  boxes;  inside  small  enclos- 
ures  sudi  as  drying  and  heating  boxes,  dry  room  enclosures,  chutes> 
conveyor  trunks,  and  all  cupboards  and  closets,  unless  they  have  tops 
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entirely  open  and  are  so  located  that  the  sprinklers  can  spray  into 
them.  No  part  of  any  building  is  to  remaiD  unprotected  because 
it  is  wet  or  damp,  or  because  it  is  of  fireproof  construction. 


Fi|.  lOS.     Dteliibuiios  Syium  for  Bprink 


ir  to  Fit.  IM. 


If  any  unusual  features  exist,  such  as  boxed  machines,  venti- 
lators, etc.,  special  instruction  must  be  obtfuned  fn>m  the  Under- 
writers having  jurisdiction,  concerning  the  location  of  the  sprinklers 
in  these  parts  of  the  buildings. 

Position  and  Distribution  <rf  Heads.  The  sprinkler  heads 
themselves  shuuld  be  attach«l  to  the  pipes  in  an  upright  position 
unless  special  permission  is  granted  to  have  them  pendant.    The 


'  ■ 


•'-JfRinfflEH         ®~fit3£R 


Fi«.  106.     Diilribu 


deflectors  of  the  sprinklers  should  be  parallel  to  the  ceiUng,  roof,  cr 
incline  of  the  stairs,  etc.,  except'when  installed  in  the  peak  of  the 
roof  where  these  should  be  horizontal.  The  pipe  lines  must  be  sus- 
pended from  the  ceiling  at  such  a  distance  thdt  the  deflectors  of  the 
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attadied  sprinklers  shall  not  be  less  than  3  nor  more  than  10  inches 
below  the  ceiling. 

Vertica]  shafts  having  inflammable  ddes,  even  though  they 


"ispRfftMLCR     %-fuse/t 


.h  RiHT  *t  Od*  Cornn 


are  covered  with  piaster  or  metal,  should  be  provided  with  a  sprinkler 
for  each  200  square  feet  of  the  surface.  If  possible  these  sprinklers 
should  be  installed  at  each  floor,  and  always  at  each  floor  if  the 
shaft  is  fitted  with  trap  doors. 

In  most  buildings  the  floors  are  laid  upon  beams,  joists,  etc., 
which  prcject  below  and  form  channels  in  the  ceiling  beneath.  The 
width  of  these  channels  or  "bays,"  as  they  are  called,  depends  upon 


e-iVKflnzCV       %^ys€K 


Fl(.  108.     DiMribotiou  Brstsis  to 


the  construction  of  the  building;  upon  the  width  of  these  spaces 
depends  the  arrangonent  of  the  sprinklers. 

Under  a  imtf  t^ing — that  is,  one  constructed  of  heavy  plank 
resting  on  timbers  spaced  from  6  to  12  feet  apart — one  line  of  sprink- 
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lers  should  be  placed  in  the  center  of  each  bay,  and  the  distance 
between  the  sprinklers  on  one  line  should  not  exceed  the  foUowing: 

^8  feet  in  12  foot  bays 
9  feet  in  11  foot  baj-s 

10  feet  in  10  foot  bays 

11  feet  in    9  foot  bays 

12  feet  in  6  to  8  foot  bays 

Under  an  open  finhh  jointed  ceiling  the  distance  between  sprink- 
lers measured  at  right  angles  with  the  joists  should  not  exceed  8  feet, 
and  measured  parallel  to  the  joists  should  not  exceed  10  feet. 

Under  a  smooth  sheathed  or  plastered  ceiling  where  the  support- 
ing girders  or  tinil)ers  project,  one  line  of  sprinklers  should  be  placed 
in  the  center  of  each  bay  thus  formed  if  they  are  12  feet  or  less  in 
uidth.  If  they  are  from  12  to  23  feet  wide  there  should  be  two  lines 
of  sprinklers,  and  in  bays  of  greater  width  the  lines  of  sprinklers 
should  not  be  over  10  feet  apart.  In  all  these  cases  where  the  bav's 
arc  more  than  12  feet  wide  the  sprinkler  heads  must  be  so  spaced 
that  each  head  is  not  rtH|uirtHl  to  cover  more  than  100  square  feet  of 
ceiling  area. 

Under  a  pitched  hh)/  which  slopes  more  sharply  than  one  foot  in 
three,  either  one  line  of  sprinklers  may  be  located  in  the  peak  of  the 
nx)f  or  else  lines  may  be  located  not  more  than  2J  feet  distant  each 
way  from  the  peak,  and  the  sprinklers  on  either  side  should  be 
located  according  to  the  rules  given  above  for  the  various  kinds  of 
mlings.  The  distance  betweiMi  these  sprinklers  should  be  measured 
on  a  line  parallel  with  the  roof.  \Mienever  the  roof  comes  down  to 
the  floor  as  in  attics,  etc.,  there  must  l)e  a  line  of  sprinklers  not  over 
3^  fei*t  from  the  plaw  where  the  roof  and  floor  meet. 

Under  open  finish  joisted  floors  and  under  decks  and  roofs  the 
sprinkler  heads  should  be  staggered,  that  is,  the  heads  on  one  line 
should  be  opposite  points  half  way  between  the  sprinklers  on  the 
next  line.  The  end  head  on  alternate  lines  should  be  not  more  than 
2  feet  from  the  wall  or  partition. 

In  any  sprinkler  equipment,  no  matter  what  the  construction 
of  the  ceiling  or  the  width  of  the  bays,  the  distance  of  the  outside 
sprinklers  from  the  wall  or  partition  should  not  exceed  one-half  the 
the  distance  between  the  sprinkler  heads  in  diat  direction.    Moie- 
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over,  there  should  be  sprinklers  either  side  of  a  partition  even  though 
the  partition  be  slatted.  Cutting  holes  in  a  partition  to  allow  the 
sprinklers  on  one  side  of  it  to  spray  onto  the  other  side  is  not  approved. 

Risers.  The  methods  of  attaching  the  small  sprinkler  pipe  lines 
to  the  main  feeders  have  already  been  shown  in  Figs.  103  to  108,  the 
illustrations  also  indicating  the  points  where  the  risers  join  the  over- 
head feeders.  There  should  be  one  or  more  such  risers  for  each 
building  or  section  of  a  building  that  is  divided  by  fire  walls.  Stair, 
dumb  waiter,  and  elevator  towers  are  sometimes  piped  on  independ- 
ent risers. 

Except  special  permission  is  granted  to  do  otherwise  these  risers 
must  be  fed  from  the  bottom.  When  the  water  supply  comes  from 
the  city  mains,  pump,  or  the  fire  department,  such  a  connection 
would  be  the  most  direct.  When,  however,  the  supply  is  from  roof 
tanks  the  water  must  be  piped  from  the  top  of  the  building  to  the 
foot  of  the  riser,  such  pipes  being  commonly  known  as  "dead  risers." 
Each  riser  must  be  large  enough  to  supply  all  the  sprinklers  on  one 
floor  as  specified  in  the  table  of  pipe  sizes.  The  risers  in  towers 
which  are  not  cut  ofF  by  approved  fire  stops  must  be  large  enough 
to  supply  the  entire  number  of  sprinklers  in  the  tower.  The  con- 
nection between  the  water  supply  and  the  sprinkler  riser  must  be 
as  large  as  or  larger  than  the  riser  itself. 

SPRINKLER  WATER  SUPPLY 

For  a  standard  equipment  two  independent  water  supplies  are 
absolutely  necessary,  of  which  one  must  be  automatic  and  the  other 
must  be  able  to  furnish  heavy  pressure.  For  one  of  these  the  public 
water  works  system  is  usually  used,  but  if  this  pressure  is  too  low, 
the  water  supply  may  be  secured  from  some  type  of  fire  pump,  from 
a  gravity  or  pressure  tank,  or  from  a  private  reservoir  or  standpipe, 
although,  on  account  of  the  expense,  the  latter  is  seldom  used. 

Besides  having  two  supplies  from  any  two  of  the  above  sources 
it  is  best,  if  there  is  a  public  fire  department,  to  provide  a  hose  inlet 
{upe,  or  steamer  connection  to  the  sprinkler  system,  so  that  the  fire 
engine  can  pump  into  it.  These  connections  must  be  of  brass  with 
I  thread  to  fit  the  couplings  of  the  local  fire  department.  Each  con- 
nection must  be  marked  in  raised  letters  one  inch  high  or  larger: 
"AUTOMATIC  SPRINKLERS." 
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Public  Mains.  If  one  water  supply  for  a  sprinkler  s^'stem  is 
taken  from  the  public  water  works  system,  the  pressure  must  be  suf- 
ficient to  furnish  water  to  the  highest* line  of  sprinklers  with  25 
pounds  static  pressure  day  and  night  and  10  pounds  flowing  pressure 
when  water  is  being  discharged  from  the  maximum  number  of 
sprinklers  apt  to  be  opened  by  a  fire.  If  this  water  supply  is  used 
the  street  mains  must  be  of  ample  size,  never  less  than  6  inches,  and 
they  should  preferably  be  fed  from  both  ends.  No  meter  or  pressure- 
regulating  deviw  should  be  used  on  the  pipe  without  the  q)ecial 
permission  of  the  proper  authorities. 

Fire  Pumps,  AMien  pumps  are  used  to  furnish  one  water  sup- 
ply to  the  sprinklers  (1)  the  pump  and  the  pump  house  should  con- 
form to  the  National  Standard  requirements  as  described  in  Fire 
Insurance  Inspection  Part  IV;  (2)  the  pump  should  draw  from  some 
source  sufficient  to  enable  it  to  deliver  its  full  rated  capacity;  (3)  for 
at  least  sixty  miimti*s  the  pump,  in  discharging  during  this  time,  should 
not  reduce  the  level  of  the  water  so  as  to  make  the  suction  pipe 
longer  than  15  ft»et. 

If  the  pump's  supply  a)mes  from  a  river,  lake,  or  other  body  of 
water  likely  to  c^ontain  refuse  or  dirt,  a  well  screened  intake-well  should 
be  provided  to  prevent  accumulations  of  dirt  entering  the  suction 
pipe.  In  all  casi^s  the  suction  pipe  should  be  as  short  and  direct  as 
j)ossible,  thoroughly  prottH,'te(l  against  frost  and  fitted  with  a  strainer 
protecttil  so  that  it  can  not  Ix^come  cloggtHl.  If  unusual  conditions 
make  ntKt^ssary  a  suction  pi|)e  longer  than  15  feet  it  should  be  fitted 
with  a  foot  valve. 

Cistern  (w  Pump  Supply.  A  reliable  natural  source  's  not  always 
available  and  the  pump  must  sometimes  draw  from  a  cistern  pro- 
vided with  some  de[XMidable  means  of  filling.  If  it  is  filled  from  the 
city  mains,  the  pipes  to  it  should  not  Ik*  less  than  2  inches  in  diameter 
and  they  should  Ix*  fitted  v.ith  a  hall  and  cock  valve  to  keep  the 
cistern  automatically  filled  to  a  certain  level.  If  possible  the  cis- 
tern should  be  built  and  l(K*ated  so  Jis  to  supply  the  pump  under 
head  for  at  least  ten  minutes.  In  the  bottom  of  the  cistern  there 
should  l)e  a  pit  or  sump  into  which  the  suction  pipe  should  extend 
so  that  all  the  water  ma\'  Ix*  drawn  out  for  use. 

Steam  Supply.  When  a  steam  pump  is  used  all  boilers,  pipes, 
and  valves  involvai  in  supplying  steam  to  the  pump  must  be  most 
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carefully  arranged  and  protected  to  insure  a  reliable  steam  supply 
at  all  times  and  under  all  conditions.  The  boilers  should  be  fur- 
nished ^-ith  water  from  a  source  not  apt  to  be  crippled  in  case  of 
fire  and  they  should  be  of  such  capacity  (never  under  40  b.h.p.  for 
each  250  gallon  pump  capacity)  that  they  can  furnish  steam  to  run 
the  pump  at  its  full  capacity. 

The  connections  between  the  boiler  and  pump  should  be  entirely 
independent  of  any  other  pipe  lines;  in  fact  it  is  better  that  such  con- 
nections leave  the  boiler  header  at  the  end  opposite  to  that  at  which 
the  main  factory  engines  are  fed.  This  steam  feed  pipe  should  be 
free  from  traps  or  pockets  and  located  so  that  it  would  not  be  injured 
in  case  of  fire.  At  the  pump  the  pipe  should  be  fitted  both  with  a 
drip  and  a  steam  trap  so  located  that  a  closed  throttle  will  not  inter- 
fere with  their  working. 

When  more  than  one  boiler  contributes  to  steam  supply,  the 
pipes  and  valve  should  be  so  arranged  that  at  any  time  the  steam 
from  any  one  boiler  may  be  cut  off  without  interrupting  the  supply 
from  the  others.  Likewise  if  there  is  more  than  one  pump  each 
should  be  arranged  to  be  cut  out  without  interfering  with  the  others. 
Each  pump  should  also  have  an  independent  exhaust  pipe  equipped 
at  its  lowest  point  with  an  open  drain. 

If  an  automatic  regulator  is  used  on  the  steam  connection  to 
the  pump  it  should  be  placed  on  a  by-pass  with  a  shut-off  valve  either 
side  of  it. 

The  pipes  carrj-ing  steam  to  the  other  parts  of  the  building  should 
be  fitted  with  valves  in  the  boiler  room  so  that  in  case  of  fire  this 
supply  may  be  cut  off  and  the  steam  devoted  to  the  use  of  the  fire 
pumps. 

Recording  Gauge.  If  the  pump  is  the  primary  supply  a  record- 
ing gauge  may  be  used  to  record  either  the  steam  pressure  at  the 
pump  or  the  water  pressure  at  the  discharge  pipe.  This  gauge  should 
l^e  placed  in  a  box  or  cabinet  on  the  wall,  and  the  unused  dials,  the  ink, 
and  the  used  dials  showing  the  record  should  be  kept  with  it. 

Qravity  Tank.  The  gravity  tank  is  probably  the  most  fre- 
quently used  source  of  water  supply  for  sprinklers,  especially  in  cities 
where  the  pressure  in  the  public  service  mains  is  low.  A  gravity 
tank,  Fig.  109,  b  a  tank  of  wood,  steel,  or  concrete  elevated  on  a  roof 
or  trestle  so  as  to  give  a  good  gravity  head  at  the  point  where  the 
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wRttT  is  ti»  Ih'  MiiiplitxI.  Thffi*'  tanks  t-von  under  the  best  condidoiu 
oftvii  cnllniix',  f(ir  tlicy  an'  oxixiscd  to  all  the  weakening  influence 
emiiiu-rati'<l  in  the  disi'iissidii  (if  stnndpipes.  Inspection  Part  TV, 
and  flirt liiTMH in-  tin-  lumps  art-  likely  ti)  rust  from  the  inside  out.  In 
(iinsidcratioii  nl'  tlu-  luss  and  dan^T  t*i  hfe  and  property  from  the 
failure  iif  a  lank,  tlic  crcatt'>t  care  should  be  taken  that  the  de^gn, 
material,  and  workmun^hiji  cif  these  structures  is  of  the  best. 

If  a  trestle  is  to  Ih'  iise<l  to  sup|Kirt  the  tank  at  the  de»red  ele^'a- 
lion  tlii>  tn'>tl<'  iiiii-.t  Ih-  seeurcly  bnltcil  to  a  solid  foundation  of  con- 


cn-te  whi<li  sliiuild  extend  well  IjcIow  the  frost  line  to  a  proper  bea^ 
mt:  surFa«r.  Wlii-tht-r  the  tank  is  on  a  trestle  or  on  a  building  the 
sui)p<)rtiii[;  structun-  should  be  of  steel,  reinforced  concrete,  or  solid 
masonry,  hut  nc\er  of  wikkI  except  by  the  si»eeial  permission  of  the 
proptT  underwriters.  These  tank  snpiH>rt3  should  be  designed  to 
carry  the  load  with  a  factor  of  safety  of  at  least  four. 

Altiiou^rh  the  local  buitdiii);  uuthurities  and  building  laws  roust 
determine  the  ilesif;n  and  construction  of  a  gravity  tank,  jet  whe^ 
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e\'er  such  a  tank  is  built,  insurance  companies  impose  the  following 
reqtiirements: 

In  no  case  should  the  capacity  of  the  tank  be  less  than  5,000  gallons. 
If  it  is  on  a  detached  trestle  as  the  safety  of  life  and  property  make  it  most 
desirable,  there  should  be  a  platform  entirely  around  it.  If  located  on  the 
roof  it  is  best  placed  on  a  solid  masonry  foundation  built  over  the  stair  or  ele- 
vator tower.  Often,  however,  to  secure  sufficient  elevation,  it  is  necessary  to 
support  the  tank  on  a  trestle  erected  on  the  roof  of  a  building.  If  any  part 
of  this  structure  enters  the  building  it  must  be  most  carefully  insulated  and 
especially  safeguarded  against  corrosion  where  the  steel  supports  pass  through 
t  he  roof.  Both  the  t^nk  and  its  support,  if  composed  either  of  steel  or  wood, 
must  be  kept  thoroughly  painted  at  all  times.  All  parts  that  are  of  steel 
should  be  riveted  together  and  no  bolts  used  except  the  foundation  bolts 
alremdy  mentioned. 

Wood  tanks  should  be  made  of  a  good  quality  thoroughly  air  dried 
oedar,  cypress,  or  white  pine.  The  staves  and  the  bottom  of  tanks  not  over 
16  feet  in  diameter  and  16  feet  deep  should  be  of  2i-inch  stock  dressed  to  not 
less  than  2}  inches.  Larger  tanks  require  3-inch  stock  reduced  in  dressing 
to  not  less  than  2}  inches.    The  tank  must  taper  from  IJ  to  1  inch  per  foot. 

Flat  hoops  must  never  be  used  but  instead  round  hoops  at  least  }  inch 
in  diameter,  either  of  a  good  quality  of  wrought  iron,  or  of  mild  steel  without 
wdds,  and  they  should  be  thoroughly  painted  both  before  and  after  they  arc 
put  on.  The  space  between  two  hoops  should  never  exceed  21  inches.  They 
ihould  be  of  such  sise  and  so  spaced  that  the  stress  on  a  hoop  measured  at  the 
bsse  of  the  thread  should  not  be  more  than  12,500  pounds  to  the  square  inch. 

The  water  from  these  tanks  must  be  devoted  exclusively  to  the  auto- 
matic sprinUere  unless  the  underwriters  having  jurisdiction  grant  permission 
to  make  the  tank  larger  than  demanded  by  the  sprinkler  needs  on  condition 
thst  it  be  80  inped  that  only  the  excess  can  be  drawn  off  for  other  purposes. 

Feed*  Each  tank  should  be  fitted  with  at  least  1^-inch  filling 
pipe  whidi  should  discharge  into  the  tank  above  the  top  of  the  water. 
Diicharge.  The  discharge  pipe  should  enter  the  bottom  of  the 
tank  and  {voject  4  inches  up  inside,  thus  leaving  a  space  for  sedi- 
Joent  to  settk.  If  over  30  feet  of  this  discharge  pipe  is  exposed 
abox'e  the  ground  or  roof  it  must  be  fitted  with  an  expansion  joint 
^  some  approved  kind  to  allow  for  the  expansion  and  contraction 
^ue  to  changes  of  temperature. 

If  this  pipe  feeds  but  one  riser,  its  diameter  should  not  be  less 
than  that  of  the  riser.  If  it  feeds  several  its  diameter  should  be  at 
least  as  large  as  that  of  the  largest  riser.  If  the  "dead  riser"  is  morf 
than  100  feet  long  its  diameter  should  never  be  less  than  6  inches. 
Drain,  Plrovision  should  be  made  to  drain  each  tank  into  some 
inside  sink  without  interfering  ^ith  other  tanks  or  with  the  sprinkler 
system. 
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Overflow.  There  should  be  as  near  the  top  of  the  tank  as  pos- 
sible an  overflow  pipe,  at  least  2  inches  in  diameter,  arranged  to 
discharge  where  it  will  be  noticeable  and  yet  where  it  will  not  cause 
accumulations  of  ice  on  the  structure.  The  tank  must  be  fitted  with  a 
telltale  or  water-level  indicating  device. 

Protection.  Both  tank  and  pipes  must  be  carefully  protected 
against  freezing.  In  the  case  of  the  tank  this  may  be  accomididwd 
by  putting  in  the  bottom  a  brass  or  galvanized  iron  steam  coil  with 
a  return  pipe  to  the  boiler,  or  the  tank  may  be  fitted  with  a  steun 
pipe  which  discharges  under  the  water  near  the  top,  and  which  is 
fitted  with  a  check  valve  and  a  perforated  fitting  to  prevent  siphoning. 

The  pipe  may  be  kept  at  a  safe  temperature  by  being  protected 
by  a  double,  triple,  or  quadruple  boxing  according  to  the  dimate, 
or  instead  a  steam  pipe  may  run  close  to  it  and  keep  it  above  the 
freezing  point. 

Ladders,  Covers,  Etc.     To   prevent  evaporation    and  accumu- 
lations of  dust  on  the  water,  each  tank  should  be  proWded  with  a 
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flg.  110.     Detail  Drawing  of  Pressure  Tank  with  Fittings 

double  cover  with  an  air  space  between;  the  upper  cover  should 
preferably  be  conical.  In  each  case  there  should  be  a  trap  door  to 
permit  access  for  inspecting  and  repairing,  and  for  this  same  reason 
there  should  be  a  substantial  iron  ladder  extending  above  and  pe^ 
manently  attached  to  each  tank. 

Pressure  Tank.  A  pressure  tank,  shown  below  the  gravity 
tank  in  F'ig.  109  and  in  detail  in  Fig.  110,  is  a  cylindrical  steel  tank 
designed  to  be  two-thirds  filled  with  water  and  the  remaining  third 
with  compressed  air  so  that  its  supply  of  water  to  the  sprinkkis 
is  under  high  pressure.  Since  one  supply  under  high  pressure  is 
required  this  means  of  obtaining  it  is  often  used,  automatic  pumps 
not  being  reliable  and  the  public  water  works  seldom  being  able  to 
supply  suflBciently  high  pressure. 


\%\ 


PRIVATE  FIRE  PROTECTION  175 

Such  a  tank  was  first  used  in  Boston  in  1883  and  since  then 
because  of  its  many  advantages  its  use  has  rapidly  increased.  It 
does  not  need  the  heavy  construction  and  the  great  elevation 
necessary  for  a  gravity  tank.  It  can  often  be  located  within  a 
building  on  floors  already  constructed,  and  in  a  position  where  it 
is  not  in  danger  of  being  frozen.  As  it  is  air  tight  the  loss  by 
evaporation  and  the  consequent  necessity  of  frequent  filling  is 
eliminated.  The  air  pressure  seldom  has  to  be  pumped  up  more 
than  once  a  month,  thus  making  the  expense  of  maintenance  as 
well  as  the  first  cost  but  small. 

The  greatest  disadvantage  of  the  pressure  tank  is  its  limited 
capacity,  and  yet  it  is  designed  to  furnish  a  reasonable  number  of 
sprinklers  for  as  long  a  time  as  is  usually  required  to  extinguish  a 
fire  in  its  incipiency.  As  the  water  escapes,  the  pressure  is  neces- 
sarily reduced,  yet  ver^'  gradually,  and  according  to  requirements 
sufficient  air  pressure  is  maintained  so  that  even  when  the  water 
b  exhausted  the  pressure  at  the  highest  line  of  sprinklers  is  not 
reduced  below  15  pounds. 

The  National  Board  of  Fire  Underwriters  requires  that  a  pres- 
sure tank  should  not  be  located  below  the  first  floor;  that  it  should 
have  a  total  capacity  of  at  least  4,500  gallons  which  must  be  devoted 
exclusively  to  the  use  of  the  sprinklers  or  the  hand  hose;  that  the 
tank  should  be  constructed  of  an  even  quality  fire  box  or  flange  steel 
ha\'ing  a  tensile  strength  of  not  less  than  55,000  nor  more  than 
60,000  pounds. 

Construction  Data.  The  thickness  of  the  plates  to  be  used  should 
be  determined  by  the  following  formula: 

GXPXr 


r= 


.75XS 


in  which  T  is  the  thickness  of  plate  in  inches,  P  is  the  working  pres- 
sure in  pounds  per  square  inch,  r  is  the  internal  radius  of  shell,  S  is 
the  tensile  strength  of  plates  in  pounds  per  square  inch,  6  is  the 
factor  of  safety,  and  .75  is  ths  value  of  riveted  joints. 

If  the  difuneter  of  the  tank  is  not  over  84  inches  the  heads  should 
be  I  inch  thicker  than  the  shell  and  at  least  \  inch  thicker  than 
the  shell  for  all  diameters  greater  than  84  inches.  The  longitudinal 
seams  should  be  triple  riveted  and   placed  below  the  water  line. 
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The  girth  seams  'may  ,be  rsingle.  riveted  .unleQsrthe  tlm^  dnil^lA'  ■ 
more  than  84  inches,  -when  they  should  be  double.  4^>!iMf.'c^ 
seams  should  also  be  thoroughly  caulked  both  insiitp  Md^Mtpk- 
ifati^fe.  At  some  point  below,  the  water  liiiQ;thtite  wvt  Ik 
a. manhole  large  enough  to  permit  access  for  iiispectiiig/clMiiiii^  etc 
Plate.  Attached  to  the  proper  position  on  thejU^stltt^nnst 
be  a  metal  plate  bearing  a  metallic  horizontal  JUxle  iiuUcMiiig  Ae 
two-thirds  water  level  of  the  tank.  The  height  of'tius  Jsyd-^lnn 
the  bottom  of  the  tank  may  be  fouiid  by  multiplying  ib/^t^ifm  ^ 
the  tank  in  inches  by  1.265.  On  this  same  plate  musb  te>pi|ilted 
the  minimum  air  pressure  allowed. 
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Fig.  111.    Section  of  Preraure  Tank  Showing  Connections  for  Both  AU^  and  Water  Pwd  FipM 
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Water  Feed  Pipes.  The  feed  pipe  to  the  tank  must  beat JiBist 
1^  inches  in  diameter;  risers  or  other  sprinkler  pipes  should  never 
be  used  for  this  purpose.  The  best  method  of  feeding  the  tank  is 
by  a  pump,  for  then  the  proper  water  level  may  be  restored  without 
opening  the  tank  and  reducing  the  air  pressure. 

Air  Feed  Pipes.  The  pipes  suppljdng  compressed  air  must 
not  be  smaller  than  1  inch  in  diameter  at  any  point  between  the 
air  pumps  and  the  tank.  They  must  enter  the  tank  above  the  witta 
level  and  at  such  a  point  that  the  gauges  may  be  attached  as  shown 
in  Fig*  110.    .  * 

Both  air  and  water  feed  pipes  must  be  fitted  with  chedc  and 
globe  valves,  as  seen  in  Figs.  Ill  and  112,  which  shows  thecoonec- 
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tion  to  a  pressure  tank  as  recommended  by  the  New  York  Fire 
Insmtince  Exchange. 

The  air  pressure  may  be  produced  by  either  a  steam  or  an  elec- 
trically driven  air  compressor  provided  it  has  sufficient  capacity 
to  increase  the  air  pressure  at  an  average  rate  of  at  least  1  pound  in 
two  minutes. 

Discharge.  A  discharge  pipe  should  be  fitted  into  the  bottom 
of  the  tank.  At  some  point  between  the  tank  and  the  roof,  this  pipe 
should  have  a  side  outlet  fitted  with  a  gate  valve  for  draining.  If 
there  is  more  than  one  tank,  each  should  drain  independently  of  the 
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Fig.  112.     End  of  Section  of  Preamire  Tank  Showing  Gauge  and  Pipe  Connections 

Others  and  of  the  sprinkler  system.  The  method  first  employed  of 
bringing  a  drain  pipe  from  the  tank  to  some  lower  floor,  or  of  extend- 
ing it  to  the  bottom  of  the  building  on  the  outside  where  it  was 
accessible  from  the  ground,  is  not  approved. 

Teti,  These  tanks  should  remain  tight  under  a  hydrostatic 
test  pressure  at  least  26  per  cent  greater  than  the  normal  working 
pressure  required.  Follo\i'ing  this  test  the  water  should  be  drawn 
down  to  the  two-thirds  line  and  the  tank  tested  under  the  working  air 
pressure  required.  To  be  satisfactory  the  tank  should  remain  in 
this  condition  with  all  valves  closed  for  24  hours  without  showing 
more  than  \  pound  loss  of  air  pressure. 
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Pressure.  According  to  the  standard  requirements  the  air 
pressure  maintained  in  these  tanks  must  be  sufficient  to  supply 
15  {)ounds  air  {)ressure  at  the  highest  line  of  sprinklers  when  all 
the  water  has  been  discharged.  This  requirement  necessitates 
that  in  a  tank  which  is  on  a  level  \^ith  the  highest  line  of  sprinklers, 
75  pounds  air  pressure  must  be  maintained  when  the  tank  is  two- 
thirds  full  of  water,  this  75  pounds  being  the  minimum  pressure 
allowed  whatever  the  elevation  of  the  tank.  If  the  tank  is  set 
below  the  highest  line  of  sprinklers,  then  a  pressure  in  excess  of 
75  pounds  must  be  maintained,  this  excess  being  equal  to  3  times 
the  pressure  due  to  the  height  above  the  tank  of  the  water  colunm 
up  to  the  sprinklers. 

To  illustrate  this  and  show  its  necessity,  consider  the  foUo^iing 
conditions:  When  the  tank  is  two-thirds  full  of  water  and  before 
the  air  pressure  has  been  pumped  up,  the  pressure  on  each  square 
inch  of  the  surface  of  the  water  is  that  of  the  atmosphere  only, 
viz,  about  fifteen  pounds.    The  compressed  air  gauge  stands  at  zero. 

Now  if  there*  is  a  line  of  sprinklers  30  feet  above  the  tank  the 
30  foot  column  of  water  bi'twef^ji  these  and  the  tank  produces  a 
back  pressure  into  the  tank  of  tt  of  15  pounds  or  about  13  pounds. 
According  to  the  requirement  given,  therefore,  the  air  pressure 
must  l)e  pumpi^d  up  until  the  gauge  reads 

75  lbs.  (min.  air  pressure)+39  (3  times  head  due  to 
highest  Hne  of  sprinklers)  =114  lbs.  gauge  pressure 

Adding  to  this  the  15  pounds  pressure  due  to  the  atmosphere  we 
obtain  129  pounds  actual  prt\ssure  in  the  tank. 

If  all  the  water  in  the  tank  is  discharged  then  the  volume  of 
compressed  air  which  at  first  was  confined  to  one-third  the  capacity 
of  the  tank  is  increasinl  thrtn?  times  and  fills  the  whole  tank.  In 
increasing  its  volume  three  times  the  pressure  is  inversely  decreased 
or  l)ecomes  one-third  of  what  it  originally  was — in  this  case  §  (129) 
=  43  actual  pressure,  or  43—15=28  lbs.  gauge  pressure.  Of 
this  2S  lbs.  13  is  requiral  to  offset  the  pn\ssure  due  to  the  elevation 
of  the  sprinklers,  which  leaves  a  working  pressure  of  15  pounds 
at  the  highest  sprinklers. 

Proicciwn.  If  the  tank  is  located  outside  the  building  it  must 
be  properly  protected  from  frost,  and,  therefore,  it  should  be  enclosed 
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in  a  substantial  house  large  enough  to  provide  free  access  to  aD 
sides  of  the  tank.  Opposite  the  gauges  at  the  end  of  the  tank 
there  should  be  a  window,  with  a  space  between  the  window  and 
the  tank  of  at  least  three  feet. 

Supports.  The  tank  supports  must  be  designed  to  safely  carry 
the  load,  using  at  least  4  as  a  factor  of  safety.  The  local  building 
laws  and  authorities  must  govern  in  other  respects  the  construction 
of  the  tank,  tank  supports,  and  house. 

Gauges.  If  the  tank  is  horizontal,  gauges  must  be  attached 
to  its  end;  if  vertical,  to  its  side. 

The  water  gauge  shown  in  the  diagram  must  be  attached  so 
that  the  center  of  the  gauge  glass  will  be  directly  in  line  with  the 
mark  indicating  the  two-third  water  level.  As  vnll  be  noticed  in  Kg. 
Ill,  the  valves  to  the  water  gauge  are  to  be  kept  closed  usually,  and 
opened  only  when  a  reading  of  the  water  level  is  desired.  Were  they 
kept  ojH'n,  the  breaking  or  the  leakage  of  the  glass  would  allow  the 
I)ressure  to  escape.  The  air  gauge,  however,  is  kept  open.  Globe 
valves,  as  illustrate^!,  art*  used  about  a  pressure  tank  because  they 
st»at  more  securely  and  do  not  leak  as  other  types  of  stop  valves  are 
apt  to  do. 

Typical  Installation.  A  typical  installation  of  a  sprinkler  sys- 
tem with  gravity  tank,  pn^ssure  tank,  and  pipe  connections  is  shown 
in  Figs.  11  :i  114,  and  11."),  Fig.  11)^  showing  the  elevation.  Fig.  114 
the  basement  plan,  and  Fig.  1 15  the  first  fl(K)r  plan. 

WET  VALVES 

In  any  sprinkler  system  numerous  valves  are  necessarv"  to  con- 
trol the  water  supply,  to  direct  the  flow  of  the  water,  to  cut  off  any 
particular  supply,  to  drain  the  system  or  any  part  of  it,  to  send  in  an 
alarm,  and  for  various  other  purposes. 

Gate  and  Check  Valves.  The  National  Board  of  Fire  Under- 
writers requires  that  all  gate  valves,  etc.,  should  be  of  an  approved 
outside  screw  and  yoke,  or  of  an  approved  indicator  pattern. 

Whatever  their  design,  all  such  valves  in  the  supply  pipes  are 
to  be  kept  open,  and  in  the  drain  pipi»s  closed,  and  every  valve,  accord- 
ing to  its  use,  securiHl  open  or  closed  by  a  padlock,  a  riveted  leather^ 
strap,  or  by  seals  if  a  reliable  system  is  installed  whereby  inmiedi — 
ate  notice  of  broken  seals  will  be  given.    The  check  valves  must 
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of  an  approved  straightway  pattern  installed  in  a  horizontal  pipe, 
unless  suitably  designed  for  a  vertical  position. 

When  these  valves  are  installed  underground  they  must  be 
located  in  a  pit  which  is  accessible  through  a  manhole.  This  pit 
must  be  tight  enough  to  keep  out  water  from  the  surface  and  from 
the  ground,  and  it  should  have  a  deck  forming  a  double  air  space 
to  prevent  freezing. 

Each  separate  water  supply  to  a  sprinkler  system  must  be  fitted 
with  both  gate  and  check  valves.  The  gate  valve  is  necessary  to  shut 
off  any  supply  for  repairs  and  it  should  be  located  close  to  the  sup- 
ply, as  near  the  tank  or  in  the  pipe  between  the  riser  and  the  water 
supply. 

When  water  from  two  or  more  sources,  and  consequently  under 

two  or  more  different  pressures,  is  being  fed  to  a  sprinkler  system, 

the  check  valves  are  necessary  to  prevent  whichever  supply  is  under 

the  heaviest  head  from  forcing  the  water  back  to  the  source  of  the 

other  supplies,  as  for  instance  when  both  a  gravity  and  a  pressure 

tank  are  connected  with  the  same  dead  riser.    If  the  check  valve  were 

not  present,  the  high  pressiuve  from  the  pressure  tank  would  force 

the  water  from  this  tank  not  only  into  the  sprinkler  system,  but  also 

up  into  the  gra\'ity  tank  against  its  smaller  pressure.    These  valves 

should  be  located  near  the  foot  of  the  riser  when  the  supplies  enter 

at  the  bottom,  but  they  must  be  placed  at  some  higher  point  if  two 

supplies  enter  the  same  "dead  riser"  at  some  higher  level. 

These  regulations  for  valve  positions  may  often  be  fulfilled  in 
such  a  way  that  the  gate  valve  and  the  check  valve  on  the  same  sup- 
ply may  be  located  near  each  other.    In  such  a  case  the  check  valve 
should  preferably  be  located  nearer  the  water  supply  than  the  gate 
Valve,  so  that  it  may  be  possible  to  close  the  gate  valve  in  order  to 
^>camine  or  repair  the  check  valve  without  interfering  with  other 
'^^ater  supplies  or  with  the  sprinkler  system. 

One  supply  may  be  from  a  pump  discharging  mto  a  yard  main 
"^hich  is  also  fed  by  another  supply.  If  this  pump  is  not  in  a  fire- 
C^roof  house,  or  for  any  other  reason  is  apt  to  be  incapacitated  or 
^^jured  during  a  fire,  its  discharge  pipe  should  be  fitted  with  a  check 
^*alve  or  an  approved  indicator-post  gate  valve  located  underground 
^t  a  safe  distance  from  the  building.  Likewise  if  a  tank  discharges 
into  a  yard  main  fed  by  some  other  supply,  its  discharge  pipe  should 
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be  similarly  fitted  ^ith  valves.  The  reason  for  this  is  evident,  viz, 
that  the  crippling  of  one  supply  may  not  disturb  another.  When- 
ever sprinklers  are  ft»d  fn>m  a  yard  main  the  connecting  pipe  should 
Ih'  fitted  with  an  approved  outside  indicator-post  gate  valve.  ¥ig. 
11  (>  shows  various  common  systems  of  grouping  valves. 

Sieamrr  Cnnnerium,    \Mien  a  steamer  connection  is  provided/ 
it  should  be  fitteil  with  a  straightway  check  valve  or,  if  it  has  a  Siam- 


Fig.  iir.. 


Soriion  Shnn'inK  fominon  Methods  of  GrouptnK  Valves  for  r)r>' Pip*  and  Wet  Pipe 


est*  connection,  tluTc  should  be  a  check  valve  in  the  Y.  There  should 
l)e  no  ^atc  valves  in  this  connet^tion.  however,  although  if  the  sprinkler 
system  has  but  one  riser,  there  should  be  a  gate  valve  in  this  riser  at 
some  point  above  its  connection  to  diflFerent  water  supplies,  and 
another  one  below  the  connection  between  the  riser  and  the  steamer 
supply.  By  closing  tins  valve,  all  supplies  except  that  from  the 
steamer  may  be  cut  ofV.  [f  there  is  more  than  one  riser,  however, 
the  steamer  connection  inxK  be  made  on  the  supply  side  of  this  gate 
valve  so  that  if  one  riser  i>  shut  off,  the  supply  will  feed  the  sprinklers 
on  the  other  side. 
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Drainage.    Mention  has  already  been  made  of  the  provbions 
required  for  draining  the  tanks  and  also  of  the  fact  that  all  the  pipes 
slope  enough  toward  the  risers  to  drain  back  into  theib.     Running 
parallel  to  each  riser  for  the  entire  length  should  be  a  drain  pipe  con- 
nected at  the  base  with  the  sewer.    At  the  foot  of  each  riser,  between 
it  and  the  drain  pipe,  there  should  be  a  connection  fitted  with  a  gate 
valve.   By  opening  this  gate  valve  it  is  evident  that  the  whole  system 
dependent  upon  that  riser  can  be  drained  into  the  sewer.    In  order 
to  drain  each  floor  separately,  there  should  be  a  gate  valve  in  each 
overhead  feeder  after  it  leaves  the  riser.    Beyond  this  gate  valve  the 
tteder  and  the  drain  pipe  should  be  connected  by  a  pipe  fitted  with 
agate  valve,  Fig.  117,    By  clos- 
ing the  first  gate  valve  and  open-  ^T^ 
ing  the  second,  the  pipe  on  one 
floor  may  be  drained. 

Trst  Pipe.  At  the  top  of 
each  ri.<ter  there  nhould  be  a 
J-inA  pipe  with  vahe.  In  the 
best  equipments  this  pipe  is  con- 
netted  wth  the  drain  by  a  glass 
tube.  By  <)pcniiig  this  valve 
and  obser\'ing  whether  water 
flow  through  the  gla,ss  tube  into 
the  drain  pipe,  it  can  be  deter- 
Biiwd  whether  there  is  water  in  Tjm.  i 

4L.  1  11       I  DrvQ  ripe  in  .-ipnaiEiPr  nptna  oyHLvm 

the  sj-stem,   1.  c,  that  all   the  *-      i-  y*  ' 

P"^  valves  are  open  and  thai  there  is  no  obstruction  in  the  pipes. 
This  test  pipe  is  chiefly  for  inspectors'  use. 

Abnn  Valve.  At  the  foot  of  each  riser  there  should  be  an  alarm 
\vxt  so  arranged  that  an  alarm  will  be  sent  in  when  the  opening  of 
a  aptinltler  causes  a  flow  of  water  through  the  riser  and  through  this 
^■alw. 

"Rk  simplest  form  of  such  an  alarm  valve  is  a  check  valve  placed 
in  the  riser.  Fig.  118.  When  the  sprinkler  system  receives  its  supply 
froo  either  a  pressure  tank  or  a  gravity  tank,  the  static  pressure 
tfantq^ut  the  entire  sjstem  is  constant  and,  therefore,  would  bi- 
thf  ume  on  either  side  of  this  alarm  check  valve,  which  condition 
muld  keep  the  valve  close<l.     In  case  a  sprinkler  head  opens,  the 
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pressure  on  the  system  ^de  of  the  check  valve  is  immediately  rdievcd, 
and  the  continued  pressure  on  the  supply  side  would  open  the  valr^ 
the  clapper  of  which,  when  it  is  swung  back,  makes  ft  contact  vludi 
closes  an  electric  circuit,  the  wires  of  which  run  to  an  annunciatsr 
that  gives  the  alarm  and  indicates  which  section  of  the  sj-stcm  it 
operating. 

When  a  system  is  supplied  from  the  public  mains  such  a  vahe 
can  not  be  used,  as  the  pressure  in  the  public  sv'stem  fluctuates  dll^ 
ing  the  day  and  night  and  such  changes  would  frequently  open  the 
valve  and  give  false  alarms.  For  example,  the  pressure  in  the  dtv 
mains  and  in  the  sprinkler  system  in  the  eA'ening  might  be  30  poumb; 
during  the  night  when  less  water  is  being  drawn  throughout  the  dt}', 
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the  pressure  in  the  mains  might  me  perhaps  to  60  pounds.  This  ris- 
ing pressuri"  o»  the  supplj  ->ide  of  the  ^alve  would  o{>en  it  UDtil 
enough  water  had  passed  through  to  again  equalize  the  pressure. 
Although  the  flow  would  l>e  small,  the  valve  just  described  would,  in 
opening,  send  in  an  alarm.  To  prevent  false  alarms  from  just  such 
causes,  the  variable  prtrssure  alarm  valves  have  been  devised,  which 
operate  only  when  there  is  a  continued  rush  of  water  through  the 
riser. 

At  tlu-  present  time,  no  alarm  valve  sufficiently  reliable  to  bf 
approved  as  standard  b>'  the  National  Board  of  Fire  Underwriters 
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has  been  devised,  although  reductions  in  rates  are  allowed  for  some 
t>'pes,  among  which  are  the  foUowing: 


Model,  muiufactured  by  the  Iat«rDational 
itraightway 


(1)  EVNis  Variable  Preoaure, 

Sprinkler  Company 

(2)  Grinnell  Eogliah  Pattern  Variable  Preaaure  (awing  check 

type) 

(3)  Rockwood  Vuiable  Pressure 

(4)  Venturi 

In  some  cases  a  rush  of  water  through  a  variable  pressure  alarm 
valve  gives  the  alarm  by  acting  upon  an  electric  circuit  in  a  manner 


simitar  to  that  described  for  a  constant  pressure  alarm  valve.  In 
other  cases  it  also  gives  a  mechanical  alarm,  that  is,  a  part  of  the 
*  *tei;  rushing  through  the  valve  is  conducted  through  a  by-pass  and 
*'i3  over  a  wheel  or  acts  upon  a  water  motor  which  rings  a  powerful 
^"^S  on  the  out^de  of  the  building. 

JiiiematioTuU.     The  alarm  check  valve  manufactured  bj'  the 

'**«'niational  Sprinkler  Company  is  illustrated  in  Figs.  119  and  120. 

*  shown  in  Kg.  120  the  diaphragm  and  the  lower  seat  plunger, 

'O  and  8,  are  in  their  normal  position.    When  in  this  position  they 
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are  so  constructed  that  they  close  the  parts  from  the  pipe  to  the  lower 
chamber  of  B  and  open  the  port  from  this  chamber  to  the  drip  cup, 
B  14'  Diaphragm  10  is  flexible  and  any  rush  of  water  into  the  upper 
chamber  of  B  drives  it  and  the  lower  seat  plunger  8  down.  When 
these  are  down  the  port  from  d  d  to  the  lower  chamber  is  open  and 
the  port  to  the  drip  cup  is  closed. 

\\Tien  a  flow  of  water  occurs,  the  chamber  of  the  check  valve  A 
opens  permitting  water  to  flow  through  pipe  c  c  into  B.  This  flow 
forces  down  diaphragm  10  and  the  plunger  8  which,  in  turn,  effect 
the  closing  of  the  pipe  to  the  drip  cup  and  the  opening  of  the  port 
from  d  dto  the  lower  chamber  of  B;  this  allows  the  water  from  dd  to 
flow  through  this  chamber  into  the  pipes  leading  to  the  circuit  closer 
C  and  mechanical  gong  I). 

If  the  flow  of  water  is  small  such  as  would  be  caused  by  water 
hammer  or  by  a  variation  in  pressure,  it  forces  down  the  diaphragm 
for  an  instant  only,  and  allows  it  to  return  to  its  normal  position 
before  the  water  from  (2 (f  can  reach  the  alarms;  when  the  diaphragm 
goes  up,  the  drip  cup  is  again  open  and  the  pipe  ddh  closed,  stopping 
the  flow  of  water  toward  the  alarms.  If  the  flow  of  water  continues, 
as  when  a  sprinkler  is  open,  the  diaphragm  remains  down,  j)ermitting 
the  water  from  ddto  reach  the  devices  which  give  the  alarms. 

ladex  off  Parts,  International  Alarm  Valve  System,  FIfi:.  120 

A^Alarm  Check  Valve:  1  Body;  2  Round  Cover  Plate;  S  Clapper;  4  Seat; 

6  Hinge;  6  Diaphragm;  7  Pin  for  Hinge;  8  Pin  for  Hinge;  9  Socket; 
W  Nipple. 

Invariable  Pressure  Chamber:  1  Upper  Chamber;  J  Ix)wer  Chamber;  3  Rec- 
tangular Plate;  4  Plug;  6  Intermediate  Scat  Ring;  6*  Lower  Seat  Ring; 

7  Conical  Seat;  8  Lower  Seat  Plunger;  0  Spiral  Spring;  10  Diaphragm; 
//  Bushing;  1£  Tube  in  Upper  Chamber;  14  Drip  Cup. 

^"^^ircuU  Closer:  1  Top  Flange;  2  Bottom   Flange;  3  Rectangular  Plate; 
4  Inspection   Plate;  5  Main   Cap;   6  Small   Plug;    7  Long   Terminal; 

8  Short  Terminal;  9  Knife;  10  Diaphragm;  //  Plug  Inserted  in  Main 
Cap;  12  Spring;  IS  Rubber  Plug;  14  Porcelain  Insulator. 

Mechanical  Alamif  Water  Motor,  and  Gong:  1  Body  of  Motor;  2  Rectan- 
gular Cover;  S  Round  Cover;  4  Gong  Support;  5  Wheel;  S  Strainer; 
10  Shaft  for  Wheel;  11  Bushing  in  Cover;  IS  Shaft  for  Hammer;  14 
Knuckles;  16  Hammer;  16  Knuckles  for  Hammer;  /7  Pin  for  Knuckles; 
18  damp  Nuts;  19  Wrought-Iron  Bolt;  20  Steel  Gong. 
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GrinnrU.     I1ic  (iriniifll  straight-n-ay    alarm  valve,  manufac- 
tiin^  h\-  tilt'  (it'iu-nil  Fin>  P^xtinKiiinhcr  Company,  is  ahown  in  Fl^. 


121  to  12'!,    The  alarm  valve  .1  is  (Htiim<t.-tod  into  the  riser  pipe  O. 
&s  shown  in  Fij;.  121.    When  a  smull  flow  of  water  occurs  in  the  sys- 
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Index  of  Parts.  Orianell  Variable  PressureAlarm  Valve  System.  He.  121 

A  ia  the  alarm  valve  which  can  be  installed  cither  in  a  vertical  or  horizootal 
poeilion.  £  ie  a  removable  cover  which  allows  of  inspectioa  or  cleaning 
of  inside  of  alarm  valve.  F  is  a  Jwnch  cock  in  pipe  connecting  alarm  valve 
with  drip  chamber  and  should  be  wired  open.  G  is  an  angle  L.R.D. 
valve  for  draining  eyetem.  H  is  IJ-inch  jNpe  for  draining  drip  chamber. 
/  is  a  drip  chamber.  K  and  L  are  pressure  gauges,  Af  is  an  electric 
alarm  circuit  closer.  iVisavcnt  pipe  with  a  A-inch  vent.  Ois  the  supply 
pipe  to  system.  P  is  a  fnnch  galvanized  pipe  connecting  drip  chamber 
to  water  motor,    y  is  a  gate  valve  which  controls  water  supply  to  system. 


Tig  122     ScctioB  al  Vuubl*  PrcMun  Valve 


ladex  of  Parts,  Sections  Qrinnell  Variable  Pressure  Alarm  Valve, 
Fles.  122  and  123 

A  ia  tbe  alarm  valve  which  can  be  installed  either  in  a  vertical  or  horizontal 
position.  B  is  the  valve  disk  of  alarm  valve.  C  is  a  8)>ccia1  renewubic 
valve  seat.  D  is  an  opening  which  allows  the  water  to  puss  inl-o  the  dnp 
chamber  /.  £  is  a  removable  cover  which  allows  of  inspection  or  clean- 
ing of  inside  alarm  valve,  and  at  F  is  fastened  a  }-inch  cock  leading  to 
drip  chamber. 


tern,  due  to  water  hammer  or  a  slow  leak,  it  raises  alightly  the  valve-. 
disk  B,  Fig.  122.  A  part  of  this  water  is  allowed  to  go  off  through 
the  side  pipe  D  and  the  open  cock  F  into  the  drip  chamber  /,  Fig. 
124,  whCTe  it  escapes  through  the  pipe  //.  If,  however,  a  sprinkler 
head  opens,  the  flow  of  water  is  large  and  ^wift,  which  opens  the  valve 
ccfiapietiiy  as  shown  in  fig.  123,  and  the  flow  of  water  through  the 
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pipe  I) 
attB'-l)<> 


forve^  down  tlie  Rcxiblr  diaphrapii  J,  Fig.  124,  to  which  a 
rl  thi>  valve  Z  which  comes  down  until  it  seats  against  the  ori- 
p  fice  of  the  drip  pipe.     When  this 

pij)e  is  so  closed  the  water  fills  the 
chamber  /  and  flows  <mt  through 
the  pipe  P  at  its  tip,  acting  uptm 
the  electric  circuit  doser  M,  Rg. 
121.  and  operating  the  mechanical 
gong  R,  Vig.  125. 

Index  of  Parti,  Section  of  Drip 

Chamber,  Fig.  124 

F  in  a  )-inrh  \npo  uod   cock   Ic&diag  to 

iln|i  chamber.     A  is  a  li-inchpipe 

fur  drnining  drip  chamber.     /  is  m 

ilrip    rhombcr.      J    in    a     flexible 

nictul   (Uaphragm  which  is  forced 

downKtml    (by    the   prewure    of 

wHipr  when  the  alarm  v»lv<*  opens) 

and  <-liH«eii   the   vaJvc   Z.    P   is   a 

h  galvaniicd  iu|)g  rannectinR 

ilri])  chamber  to  waltv  motor.    Z 

H  u  vulva  which  ix  automaticdly 

alve  in  open 


Index  of  Parts,  Water  Motor  Oong.  Fig.  125 

ich  Riilviiiiiiiiti  iiijM'  I'lmncclinft  drip  chamber  to  watpr  mo 
iTmo(i)r.  W  i^' ihc  )(im|i.    Niatht*  striker.  T,U,m 


Q  in  the 
R  connecting 


.Yi«:ili-inch  pipe  for  drsinitig  water  motor. 
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DRY  VALVES 

■  Veij'  often  buildings  with  sprinkler  protection  have  no  heating 
facilities,  or  certain  sections  of  heated  buildings,  such  as  show  win- 
dows, etc.,  may  be  so  cold  that  in  winter  pipes  filled  with  water  will 
freeze.  Under  such  conditions  a  so-cnlied  "dry  pipe"  system  is  used, 
in  whidi  that  part  of  the  piping  which  is  exposed  to  dangerously  low 
tempoatures  is  filled  with  compresse<l  air  and  between  the  air-filled 
fupes  and  the  water  supply  is  located  a  "dry  valve,"  that  la,  a  vahe 
in  whidi  the  water  pressure  on 
one  ade  balances  the  air  pressure 
on  the  other,  thus  keeping  the 
valve  closed.  ^Mien  a  sprinkler 
head  opens,  the  compressed  air 
escapes  and  lowers  the  pressure 
on  the  wr  side  of  the  yalve, 
allowing  the  continued  pressure 
on  the  water  ^de  to  open  the 
val\-e  and  admit  n'ater  to  the 
dr>'  pipes.  Verj'  much  depends 
upon  the  reliability  of  these 
valves  which  are  complex  in 
their  mechamsm. 

A  dr>'  [Mpe  system  is  not  rec- 
nmmended  and  may  be  used  only 
wherea  wet  system  is  iroprac 
ticable,  yet  its  use  is  far  prefera- 
ble to  shutting  off  the  water 
supply  during  the  Tvinter  months. 
Tnless  the  proper  underwriters 
^ve  qiedal  permission  to  fill  a 
do*  [npe  line  with  water  in  the 
summer,  the  air  pressure  should 
be  cqntinoed  throughout  the  year. 

The  number  of  sprinklers  dependent  uikiii  i>iu  dr\-  i)i|K'  valve 
should  not  exceed  300  aiid  if  mon-  than  this  niimlKT  an^  necessiiry 
in  a  buMding  containing  two  or  more  floors  the  system  slioiild  prefer- 
ably be  cMvided  hprizontally  and  controlletl  by  two  or  more  dr\'  pii«' 
valves.  The  left-hand  diagram  in  Fig.  110  sliows  an  uppmveii  posi- 
tion for  attaching  a  dry  pipe  valve. 


Pif."136.     Grinnpll  PIraiiiht-Wiiy  Dr>-  Plpi 
Jfno,  kl..~l.- Id„wt 
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Approved  Dry  P^  Valves.  At  the  present  time,  the  Nitionl 
Board  approves  of  the  following  dry  pipe  valves:  Grinoell  Stnight- 
way,  International  (No.  4  Evans  Model),  Manufacturers  (ModdS), 
Niagara  (1909),  Rockwood.    Of  these  the  Grinnell  is  apfHomd'h 


Fit.  I2T.     SectiOD 


urine  Method  of  Optntias 


the  4-,  5-,  and  6-inch  sizes,  and  the  others  in  the  4-  and  6-iiich  sizes. 
These  valves  will  be  discussed  in  order, 

Grinnell.  The  Grinnell  straightway  dry  pipe  valve  and  alarm, 
which  is  shown  completely  mounted  in  Fig.  126,  and  in  lateral  and 
longitudinal  cross  section,  respectively,  in  Figs.  127  and  128,  operatts 
in  the  following  manner:  Sufficient  air  pressure  is  maintained  io  its 
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piping  system  above  the  disk  A,  Fig.  127,  to  hold  this  disk  in  position 
against  the  water  pressure  in  its  pipes  below  F.  If  this  air  pressure 
is  relieved  by  the  opening  of  a  sprinkler  head  anj'where  in  the  sys- 
tem, the  disk  A  and  valve  seat  C  are  lifted  by  the  now  unbalanced 
water  pressure  until  the  lugs  on  the  sides  of  A  touch  the  stops  fJ; 
«-atrr  now  flows  into  the  intermediate  chamber.  When  this  fills, 
the  water  forces  the  valve  seat  C  clear  of  ^  as  indicated  by  the  greater 
height  of  the  stop  1£,  Rg.  127;  the  water  also  forces  the  piston  D  to 


Fi(.  Its.     SntioB  of  Orinncll  Dry  Pipe 


^Jje  left  in  Fig.  128,  thus  carrying  the  disk  .1  entirely  out  of  the  way 
^=^1  the  water  flow.  When  the  water  fills  the  pipe  jV,  Fig.  128,  this 
^^perates  the  alarm. 

todex  of  Parts.  Qrlaiwll  Stralshtway  Dry  Pipe  Valv*  and  Alarm. 
FlES.1Z7and  128 


!  ft  round  metal  disk  which  closes  the  waterway;  B 
phiffa  which  ie  clamped  at  its  outer  edge  betwci 


B.  flexible  metal  dia- 
the  two  parts  of  the 
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xalrr  body,  uid  s)  it-  inaT  Mtv  by  %  bnaat  (ing  Mir»ed  into  C:  ind 
f  \'  tbr  iit  \al\*  —Xi  r^rr.''H-y  iitr'Htphntni B.     D-.itthejmatxiwiati 
dravr  .4  it»at  'in-  ■i-.-r»»>  ■&<-!:  vilvroprratfc: it  bialoosriyinabroiuf 
Uii'ilJini ''i  \:ii-i'-i .     £:  i^  A  VMit   to  >!l'.<ir  'he  rMapr  trrun  tbf  cjliodfrof 
Miy  m'k:«T  iha*  nisy  [•»»  ib«  |«MnG-  ii  i»  sut^takticklly  fkowd  u  dwn 
by   />]  kflfT  thf-  v»]vfr  Iup  tiptr\'.ed.     Et  \*  thr  di^rhMp  from  £:  9) 
fill  igritil  !tr  t'l  [irevMii  otivtrurtiuDs  from  mlrrin^  ibr  n'hndM':  /"  li  ibt 
wucr  valv-:  0'  i-  thr  air  valvv:  and  H  ■•■ftiide  vhirh  liiaitA  tbcupwud 
'•f  (he  <liT>k  .1.    /i  i«  s  nop  vhirh  by  coming  into  nont&ct  wili 
the  Aufmcr  /j  limits  ibeop- 
vud   movrmrat   of  C;  J  J 
>r«  «top#  to  support  C  «beB 
disk  A  is  vrithdrsmi:  K  ii 
thp  draw-off  valvr  and  pipt 
for  Fmpi>in|c  the  entin  r>»- 
tnn    of   water:   uid   L  it  & 
hand-ttole  plaip  which  pvw 
acc«9i  to  the  interior  of  the 
valve.    .V  ia  a  pipe  wluch 
conneels    the    intermediate 
chamber    below    the    di^ 
phragm    fi    to    an    dectric 
alarm  drctiil-ckMer.    When 
the    valve    opens,    the  full 
water  prrwure  enters  into 
the  pipe  .V,  and  the  pressure 
upon  a  6euble  metal  dia- 
phraj^m  rloees  a  circuit  and 
Hjiinds  a  continuous  cleolric 
uUrm.    The    i>ipc    .V  may 
iilso    be    ronnected     to     the 
Water    Motor    Alarm    and 
made  to  sound  a  rontinuous 
itierhamcal    al^rm;   Pi   is   a 
ball    rheok    valve,    so    con- 
structed  that   it  allows  any 
slight  leakage  of  water  past 
the     valve   F    to    flow    out 
through   the  drip   pipe    /■, 
(jj*io,  '""'  '*  aulom all  rally  closed 

by  the  pressure  of  water  in 
the    intermediate    chamber 
B,     C  18  a  plunger  to  relea^  the  chock 
before  Ihe  hand-hole  pl.itcisopcned;  S 
ing;  and  A' is  a  support  for  .4  after  it  ia 


lii'ii  the  drv  pipe  valve  opcrati 
■  body  .>f  Ihe  vulvc 
aliidibill  limiig:  Tis  al<r<inzci 
[thdniwll  fritiii  ihe  wiiliTwily. 


Itilrrtiatiiiiial.    TIk-  Inter  national  dry  pipe  valve,  Fig,  129,  con- 
sista  of  a  main  body,  divided  into  an  upper  chamber  containing  nor- 


Fta-  IM.     BMtioD  of  latcrutioiwl  Dry  Pipe  V*ive  Ssl  "Dry" 


Fie.  131.     Sectba  nl  Intfriuiionml  Dry  Fw«  V*Iv*  SM  "Wet" 
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mally  compressed  air,  an  intermediate  chamber  which  is  under  atmo^- 
pheric  pressure  when  the  valve  b  "set,"  and  a  third  (water  intake) 
chamber  which  is  normally  closed  by  8  swinging  check  Y,  shown  in 
place  in  Fig.  130.  The  same  diagram  shows  abo  the  valve  X  in  posi- 
tion when  the  valve  is  set  "dry,"  When  the  air  pressure  above  the 
priming  water  is  reduced  to  nine  pounds  by  jts  opening  of  a  sprinkler 
head,  this  allows  the  weight  6  and  the  water  pressure  in  the  supply 
pipe  to  force  the  pin  10  and  valve  X  upward;  this  releases  tumbler 
9;  and  weight  6,  being  no  longer  supported,  drops  down  so  as  to 


^m.  133.     Muulutunn-  Dry  Pipe  Valve.     Two  Views  Showing  (he  V>[vt^   "Set"  and  After  It 

Uu  Operaled 

(ilidaimlic  SprintUr  Cvmjunv  of  Ancrica,  AVic  York 

*How  the  arm  8  to  release  the  valve  stem  7.  The  rush  of  water  seats 
'^'^h-e  }'  on  the  seat  ring  20  as  shown  in  Fig.  131,  throws  valve  A' 
t>«ck  out  of  the  way,  and  fills  the  sprinkler  pipes. 

Index  or  Parts.  Intemtloaal  OryPlpe  Valve,  Figs.  130  and  131 
'     Body;  t  Foot  Carting;  3  Right  aod  Left  Cover;  4  Cover  Plate;  6  Rivet; 
e  Baa  Weight;  7  Fork;  8  Hook;  9  Tumbler;  10  Strut;  11  Plate;  JH 
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Clapper  for  Water  Seat;  13  Cbppet  for  Air  Se«t;  t4  W»ter  Sekt  Ring; 
IS  Pin;  16  Left  Bracket;  IS  Top  Pin;  19  Bottom  Pin;  W  Outer  Sett 
EUng:  il  [lead  for  Ball  Weiftht;  ii  Coimectiag  Rod;  eS  AdjuBtins 
Screw;  ii  Air  Seul  Ring;  ill  Pin;  i7  Pin;  S8  Pin;  «9  Kn. 
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Manufacturers^  Model  S.  The  Manufacturers'  dry  pipe  valve, 
o  views  of  which  are  shown  completely  assembled  in  Fig.  132  and 
,e  in  part  section  in  Fig.  133,  operates  as  do  the  others  already 
scribed  by  the  opposition  of  the  water  pressure  outside  of  valve  12 
d  the  air  pressure  in  the  pipe  system  above  valve  14-  X  represents 
intermediate  dr>'  chamber  which  contains  neither  compressed  air 
r  water.  Valve  12  which  holds  back  the  water  is  kept  closed  by  a 
stem  of  levers  and  weights  held  in  place  by  the  air  pressure  of  the 
•  disk  B.  WTien  this  pressure  is  released,  the  raising  of  disk  B 
ows  the  weights  to  drop  and  piston  9  is  forced  back  by  the  water 
essure.  The  weight  o  drops  against  the  circuit  closer  10  and  sends 
an  alarm.  ^Vhen  the  water  valve  12  is  open,  the  rush  of  water 
ens  the  air  valve  14  permitting  the  water  to  enter  the  system.  The 
mpressed  air  is  pumped  into  the  main  system  at  the  inlet  23,  and 
idles  B  through  the  auxiliary'  pipe  16,  which  pipe  is  also  used  for 
jting  purposes  to  see  whether  or  not  water  has  leaked  into  the 
stem.  The  water  which  is  used  to  seal  or  prime  the  air  valve  is 
mitted  through  the  cup  above  22, 

Index  of  Parts,  Manufacturers'  Dry  Pipe  Valve,  Fig.  133 

Air  Cup;  B  Air  Disk;  C  Drain  Valve;  D  Doors;  ^  Intermediate  Chamber; 
/  Air  Disk  Stem;  2  Rolling  Pin  Disk;  3  Yoke  Lever;  4  Releasing  Lever; 
5  Horizontal  Weight  Lever;  6  Vertical  Weight;  7  Adjusting  Screw; 
8  Main  Hinge;  9  Stem  of  Water  Valve;  10  Circuit  Closer;  11  Contact 
Pin;  12  Water  Valve  Disk;  13  Drain  to  Intermediate  Chamber;  14  Air 
Clapper;  16  Support;  16  Anti-Water  Column  Air  Test;  17  Riser  Air 
Test;  18  Main  Drain  Outlet  Tree;  19  Hand-Hole  Cover;  20  Priming 
Chamber;  21  Rising  Priming  Valve;  22  Funnel  Valve;  23  Air  Inlet  Pipe. 

Niagara.  The  Niagara  drj'^  valve  is  shown  in  part  section  in 
?•  134,  the  air  valve  being  marked  A",  the  water  valve  Y,  and  the 
disk  Z.  The  air  pressure  on  disk  Z  keeps  in  position  a  series  of 
ights  and  toggle  joints  12,  33,  11,  9,  7,  4y  etc.,  which  keep  the 
"^'c  Y  closed.  When  the  pressure  is  released  at  Z,  the  weights  drop, 
^Vong  the  pbton  7  and  the  toggle  joints  to  move  and  open  the 
'V'e  Y;  the  water  rushes  in,  fills  the  chamber  1,  forces  open  the 
^^k  valve  X,  and  thus  enters  the  system. 

Index  off  Parts,  Niagara  Dry  Valve.  Fls:.  134 

-^ir  Supply;  B  Air  Pipe  Drain;  C  Check  Drain;  D  Priming  Cups;  E  Air 
Pipe  to  System;  F  Priming  Test  Valves;  X  Air  Valve;  Y  Water  Valve; 
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Z  Air  IMsk;  1  Valve  Body;  S  Valve  Seat;  S  Valve  Clapper;  4  Lower 
Toggle  Stmt;  S  Upper  Toggle  Strut;  6  Toggle  Stress  Nut;  7  Plunger; 
8  Plunger  Seat  Bushing;  9  Fulcrum  Lever;  10  Horiiontal  Strut;  II 
Wri^t;  If  Trip  Lever;  14  Trip  Lever  Scat;  15  Trip  Lever  Disk;  16  Trip 
Lever  Pol;  17  Left-Hand  Door;  18  Alarm;  22  Air  Pot  Cover;  83  Prim- 
ing Chamber;  24  Ball  Drip;  25  Upper  Strut  Pia;  26  Water  Seat  Pin; 
27  Horiiontal  Strut  Pin;  S«  Weight  Pivot  Pin;  89  Weight  Lever;  3J  Air 
Pot  Disk  Pin;  SS  Fulcrum  Uver  Studs;  SS  Weight  Hook;  3S  Check 
Valve  Scat;  S6  Check  Valve  Msk;  57  Check  Valve  Body. 


Rockuood.  In  the  Rockwood  straightway  drj'  pipe  valve,  which 
is  shown  complete  ia  Fig.  136  and  in  section  in  Fig.  136,  the  valve 
plate  A  is  held  in  place  by  the  air  pressure  acting  on  the  surface  of 
the  priming  water.  When  this  pressure  is  relieved  by  the  opening  of 
a  sprinkler,  the  upward  pressure  of  the  water  underneath  the  valve 
plate  A  lifts  it,  allowing  the  water  to  rush  in  and  push  the  whole 
valve  out  of  the  way,  as  shown  by  the  dotted  position  At  FEt- 
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lodex  of  Parts,  Rockwood  Stralglit<W«r  Diy  Pipe  Vahv, 
Fl£*.  138  and  136 

a  a  broQie  valvo-plate  which  both  doeea  the  wkter  inlet  /  aad  Mahthtu- 
valve  chamber  by  the  contact  of  the  rubber  ring  at  ita  circumfntsnoa 
a  block  tin  air-valve  seat  I;  B  is  the  upper  part  of  the  valve  badj,  ia 
which  the  valve-plate  A  swings  when  it  opens  the  water  inlet;  C  it  tb 
lower  part  of  the  \e\ve  body,  and  carriee  the  air  and  water  Mats;  Dili  1 
SH-in^Dg  arm,  to  which  are  attached  the  valve-plate  A  and  the  enmla-  ■ 
weight  E;  the  whole  swings  about  the  axis  P  as  the  valve  opauto  At 
position  AiEiF;  E  is  an  iron  ball  fiUed  with  lead.  The  vei^t  altk 
valve-plate  A  tends  to  hold  itself  down  on  its  two  seats  when  ahiit,tDl 
the  wnght  of  the  ball  tends  to  hold  the  valve-plate  open  titer  it  bi 
etorted  to  i)tN.>n ;  G  U  the  draw-off  valve  and  pipe  for  emptying  the  mliR 


Fig.  136.     Secti 


Drj-  Pipe  Valve 


Hystem  of  siirinklcrs  iind  pip  ng.  It  is  also  a  test  valve  to  determine  the 
\-igor  of  the  water  supply;  H  is  the  hand-hole  cover  plate,  for  giving 
ucceaa  to  all  interior  parts  of  the  valve;  /  and  /  are  the  tin  air  seat  and 
bronze  water  neat,  reHpcctivcly;  K  is  a  projection  on  the  ball  £  adapted 
to  engage  a  gra\ity  latch  L.  It  is  brought  into  use  to  prevent  the  vah'e- 
plate  from  returning  to  ilx  n-utK  if  the  combination  should  occur  of  (1) 
a  feeble  water  supply;  (Jl  ii  corroded  or  jammed  spindle  P;  {3}  a  rei-eisal 
o(  flow  after  the  riser  hail  been  filled  with  water.  Under  normal  condi- 
tions, it  ]ilays  no  port,  .V  is  u  ball-seated  sning  check-valve  which  it 
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automatically  held  off  its  seat  by  the  contact  of  its  arm  extension  with 
the  under  side  of  the  valve-plate,  and  thus  allows  any  water  which  may 
leak  by  J  to  run  freely  out  of  the  intermediate  chamber  N  into  the  drip 
cup  P:  O  is  a  valve  communicating  with  the  body  B  at  a  point  just  above 
the  priming  water  level,  and  its  use  is  to  show  that  there  is  no  water  in 
the  system  above  this  point;  P  is  a  drip  cup;  Q  is  the  main  gate  valve; 
£  is  a  jack  for  raising  the  lip  of  the  upper  body  B  over  the  flange  of  the 
under  body  C  when  it  is  desired  to  remove  C  or  A  for  repairs.  To  use 
the  jack,  hold  the  pipe  post  R  with  one  pipe  wrench  while  screwing 
upwards  the  couphng  at  the  upper  end  of  R  ^ith  another  wrench;  <$  is  an 
electric  alarm  circuit-closer;  7  is  a  pipe  connecting  ^ith  a  water  motor 
alarm;  U  is  a  valve  controlling  supply  from  air  pump;  F  is  a  three-way 
cock  for  convenience  in  testing  the  circuit  closer  S. 

Air  Supply.  The  air  pumps  to  these  systems  should  be  steam-  or 
electrically-driven  and  of  sufficient  capacity  to  increase  the  air  pres- 
sure at  least  one  pound  during  each  two  minutes  piunping.  The  air 
supply  should  be  drawn  through  a  screened  intake  from  a  dry  room 
so  as  not  to  carry  moisture  into  the  dry  pipes.  The  pipe  connection 
from  the  air  pump  to  the  dry  pipe  valve  should  be  provided  with  a 
shut  off  valve  and  immediatelv  back  of  it  a  check  valve. 

Test  Pipe.  Under  each  dry  pipe  valve  there  should  be  a  two- 
inch  drain  pipe  with  a  shut-off  valve  to  be  used  by  inspectors  or  when- 
ever it  is  desired  to  determine  whether  the  water  in  the  system  is 
up  to  the  dr>'  valve. 

Pratection.  These  dr>'  valves,  if  exposed  to  the  cold,  should  be 
located  either  in  an  underground  pit  or  enclosed  in  a  closet  of  suffi- 
cient size  to  give  2|  feet  free  space  on  all  sides  and  at  the  top  and 
bottom  of  the  valve.  These  closets  should  have  double-walled  tops, 
bottom,  and  sides;  between  the  walls  there  should  be  a  4-inch  space 
filled  with  mineral  wool,  tan  bark,  or  some  other  packing.  They  may 
be  heated  by  steam,  a  lard  oil  lantern,  a  gas  heater,  or  a  properly 
installed  electric  heater. 

Flaiq;ed  Dummy.  It  is  necessary  at  times  to  remove  the  dry 
valve  for  repair  and,  in  order  that  the  piping  system  may  be  com- 
plete while  this  repair  work  is  being  done,  a  flanged  section  of  pipe 
just  fitted  to  take  the  place  of  the  dr\'  valve  should  be  provided. 

Drainage.  The  proper  drainage  of  a  dry-pipe  system  should 
receive  especial  attention  so  that  no  water  can  remain  in  the  pipes 
to  rust  them,  or  to  damage  them  by  freezing.  For  this  reason  the 
slope  of  the  ceiling  pipes  in  a  dry  system  should  be  at  least  ^  inch  to 
10  feet,  while  on  wet  lines  it  need  not  be  greater  than  J  inch  to  10  feet. 
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Sprinklers  on  dry  lines  must  tierer  be  pendent,  but  alwa>'supri^ 
so  as  to  be  thoroughly  drained. 

MAINTENANCB  OF  SPRINKLER  SYSTEM 

Iiistallation  of  Sprinklers.  When  installing  a  sprinkler  system 
the  plans,  which  are  usually  made  by  the  companies  furnishing  die 
heads,  should  be  submitted  for  correction  and  approval  to  the  UDde^ 
writers  having  jurisdiction,  and  the  work  of  putting  in  the  equipment, 
which  is  a  trade  in  itself,  should  be  trusted  only  to  fully  experienced 
and  responsible  parties. 

Care  and  Supervision.  After  completion  the  sprinkler  system 
should  be  most  carefully  maintained,  some  competent  pnson  on 
the  premises  being  given  the  care  of  it  and  held  responsible  for  its 
condition.  The  property  owners  and  the  insurance  companies  mt«r- 
ested  should  see  that  the  system  is  regularly  inspected.  When  any 
fitting  leaks  or  becomes  deranged,  it  should  be  repaired  inmiediately, 
for  the  plugging  up  or  the  removal  of  any  parts  of  the  equipments  b 
not  allowed.  Whenever  it  is  necessary  to  turn  off  the  water  or  in 
any  way  modify  the  protection  given  by  such  a  system  the  company 
who  carries  the  insurance  should  be  notified. 

The  circulation  of  water  in  the  sprinkler  pipes  is  objectionable 
as  it  increases  the  corrosion,  the  deposit  of  sediment,  and  the  con- 
densation drip  from  the  pipes;  consequently,  such  circulation  is  pro- 
hibited above  the  base  of  the  riser. 

Central  Station  Suj)ervmon.  The  best  assurance  that  everj'thing 
pertaining  to  a  sprinkler  system  is  kept  in  proper  working  order  is 
obtained  by  installing  a  system  of  electric  alarms  which  are  con- 
nected with  a  central  station  established  for  the  purpose  of  supenis- 
ing  sprinkler  equipments. 

In  most  large  cities  there  are  one  or  more  such  stations  which 
make  a  business  of  installing  electrical  devices  attached  to  the  vah'es, 
tanks,  pumps,  etc.,  of  a  system,  so  that  the  station  will  automatically 
receive  notice  of  any  change  in  the  system.  This  notice  is  either 
transmitted  electrically  to  the  fire  department  as  a  fire  alarm  or 
communicated  by  telephone  or  messenger  to  the  person  in  diarge  of 
the  sprinkler  system,  the  property  owner  or  the  insurance  company. 
so  that  the  trouble  may  be  attendtnl  to.  ^^^len  the  trouble  is  set 
ri^ht.  an  alarm  of  a  different  character  is  received  at  the  central  sta- 
tion, denoting  that  normal  conditions  are  restored. 


Sl\^ 
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These  alarm  devices — those  which  meet  the  National  Board's 

approval  are  controlled  by  the  National  Telegraph  Company — ^gi\'e 

an  alarm  whenever  a  gate  valve  is  closed  or  opened;  whenever  the 

level  of  the  water  or  the  pressure  of  the  air  falls  below,  or  is  restored 

to,  the  desired  point;  and  whenever  the  water  in  a  tank  reaches  a 

dangerous  temperature — either  too  hot  or  too  cold.    Any  water  flow 

amounting  to  the  discharge  of  a  single  sprinkler  head  gives  an  alarm 

within  a  few  seconds.   These  few  seconds  are  allowed  so  that  variable 

pressure  and  water  hanmier  will  not  give  false  alarms. 

A  daily  report  is  issued  of  all  the  alarms  received,  together  with 
what  they  indicated  when  they  were  received,  and  when  the  wrong 
condition  was  corrected. 

Besides  this,  these  central  stations  make  a  semi-monthly  inspec- 
tion of  the  entire  sprinkler  system  and  of  their  own  devices,  to  see 
that  they  are  in  proper  order  to  act  promptly  and  reliably.  Many 
of  these  automatic  alarms  are  also  fitted  with  a  "tamper"  alarm,  so 
that  notice  will  be  automatically  given  of  any  injury-,  accident,  or 
misuse. 

Care  of  Sprinkler  Heads.  Whenever  the  pipes  are  bronzed  over 
or  painted  for  appearances,  the  movable  parts  of  the  sprinklers  must 
not  be  so  coated  or  their  sensitiveness  will  be  impaired.  The  sprinkler 
heads  must  be  most  carefully  watched  to  see  that  no  accident,  corro- 
sion, or  other  cause,  renders  them  inoperative.  At  least  six  extra 
sprinkler  heads  should  be  kept  on  the  premises  to  replace  any  fuscvi 
by  fire  or  in  any  way  injured.. 

Life,  There  are  on  the  market  several  preparations  of  more  or 
less  merit  for  covering  the  sprinklers  to  prevent  their  becoming  cor- 
roded, and  most  companies  are  prepared  to  coat  their  own  heads  with 
some  protecting  preparation.  Yqt  serious  corrosion  of  heads  often 
occurs  when  the  process  of  manufacture  or  the  kind  of  goods  stored 
in  the  building  renders  the  presence  of  either  acid  or  alkaline  fumes 
liable.  Such  corrosion  is  most  frequently  found  in  paper  mills,  chem- 
ical  plants,  glucose  and  starch  plants,  carbonizing  or  wool  extracting 
works,  dye  and  galvanizing  works,  and  in  fur  dressing  or  cutting 
establishments. 

\Mien  a  head  becomes  corroded  the  movable  parts  stick  together 
and  the  solder  itself  often  becomes  involved.  This  last  is  less  likely 
to  occur  in  sprinklers  in  which   the   solder  is  between  two  pieces 
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of  metal  and  is,  therefore,  but  slightly  exposed.  In  spiinldn 
of  other  designs,  where  the  solder  is  largely  exposed,  the  COTroskmiD 
some  cases  may  so  change  its  character  as  to  harden  it,  and  in  odxr 
cases  it  may  change  it  into  a  weak  cr\'stalline  form  easily  broken  far 
water  hanmier. 

The  corrosion  of  heads  with  the  present  preparations  for  eottii^ 
them  is  not  so  serious  a  problem  as  the  incrustation  of  ^rinkkn, 
which  occurs  in  flour  and  cement  mills,  gnun  elevators,  saw  iiiills» 
sugar  refineries,  and  other  places  where  dust  is  constantly  risbg. 
The  mere  coating  of  dust  does  not  seriously  affect  the  sprinkler,  yet, 
when  sufficient  moisture  is  present,  the  fine  dust  soon  hardens  intoi 
crust  about  the  sprinkler,  rendering  it  entirely  inoperative. 

A  deposit  of  another  nature  forms  on  heads  in  rooms  where  arti* 
ficial  heat  is  employed  for  drying,  such  as  in  oil  cloth  factories,  patent 
leather  works,  rubber  works,  etc.  Particles  of  oil  and  varnish  settk 
on  the  sprinklers  and  are  baked  there  by  the  heat  of  the  room  intoi 
tough,  hard  coating  seriously  affecting  the  sensitiveness  of  the  head. 

Glass  caps  which  cover  all  but  the  base  of  the  sprinkler  have 
been  used  to  protect  them  from  deposits,  yet  these  are  not  success- 
ful, as  they  likewise  act  to  keep  away  the  air  heated  by  a  fire. 

If  an  inspector  has  doubts  as  to  the  condition  of  any  sprinkler 
heads,  he  should  take  a  few  samples  to  test.  A  rough  prelimiDai}* 
test  may  be  given  by  immersing  the  heads  in  boiling  water  where 
they  should  snap  open  within  30  seconds.  If  they  fail  to  do  this  they 
should  be  given  a  more  careful  test  in  a  suitable  oven. 

Test^.  There  are  two  methods  of  testing  sprinkler  heads,  one 
to  determine  the  fusing  point  and  the  other  to  determine  the  sensitive- 
ness, or  the  comparative  quickness  with  which  it  responds  to  the 
action  of  heat.  Since  all  sprinklers,  except  those  of  high  fusing  point, 
use  practically  the  same  solder,  the  sensitiveness  of  a  head  depends 
largely  upon  the  position  of  the  solder  and  the  amount  used,  for  it 
is  evident  that  a  small  amount  of  solder  well  exposed  would  become 
melted  more  quickly  than  a  larger  amount  more  or  less  concealed. 
To  find  the  exact  fusinj;  point  the  head  should  be  inmiersed  in  a  large 
quantity  of  fluid,  into  which  are  hung  thermometers,  with  their  bulbs 
near  the  fusible  part  of  the  sprinkler.  The  fluid  should  be  heated 
very  gradually,  and  the  time  at  which  the  sprinkler  drops  apart 
should  be  noted. 
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Since  sensitiveness  is  a  comparative  matter,  the  several  heads 
to  be  tested,  that  is,  the  old  and  corroded  heads  and  the  new  ones 
of  the  same  type,  should  be  put  in  the  oven  at  the  same  time  and  the 
temperature  raised  gradually  as  would  occur  at  an  ordinary  fire. 
By  watching  the  sprinklers  the  comparative  speed  with  which  they 
respond  to  the  heat  can  be  determined.  To  get  accurate  results  from 
this  test  the  oven  should  be  constructed  so  as  to  insure  imif orm  heat- 
ing and  correct  thermometer  readings. 

If  the  necessary  apparatus  is  not  at  hand  for  testing,  doubtful 
heads  should  be  sent  to  the  insurance  companies  interested  or  to 
some  laboratory  where  it  can  be  done. 

Records  of  Sprinkler  Risks.  Considering  the  complexity  of  a 
sprinkler  equipment,  the  necessity  of  every  part  being  in  proper 
order,  and  the  deterioration  which  often  occurs  in  the  heads,  the 
records  of  fires  which  sprinklers  have  extinguished  are  wonderful. 
The  statistics  for  the  year  beginning  March,  1910,  are  as  follows: 

Fires  in  sprinklered  risks  Ud satisfactory 

sprinklers  opened  results 

1086  37 

This  shows  failure  in  only  3.4  per  cent  of  the  cases.    The  causes  of  the 
unaatisfactory  showing  in  the  37  cases  have  been  tabulated  as  follows: 
•  No.  of  Fires 

Water  shut  off  sprinklers 7 

Generally  defective  equipment  and  unsprinklercd 

portions 9 

Defective  water  supply  or  supplies 3 

Exposure  or  conflagration 4 

Hazard  of  occupancy  too  severe  for  average  sprinkler 

equipment 2 

Obstruction  to  distribution 2 

Faulty  building  construction,  concealed  space,  ver- 
tical openings,  etc 1 

Explosion  crippled  sprinkler  system 1 

Sprinkler  system  crippled  due  to  freezing 1 

Slow  operation  of  dry  system  or  defective  dry  valve  1 

Slow  or  defective  operation  of  high  test  heads 

Miscellaneous 4 

Not  classified 2 

Total 37 

The  eflFect  of  the  installation  of  automatic  sprinklers  in  manu- 
^cturing  risks  may  be  judged  from  the  fact  that  the  rates  on  build- 
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ings  which  have  been  equipped  with  approved  sprinkler  systems 
have  been  reduced  to  but  a  small  part  of  what  was  originally  charged. 
For  example,  the  rate  on  unprotected  cotton  mills  used  to  be  about 
three  per  cent,  whereas  now  the  rate  on  cotton  mills  in  which  quiiik- 
lers  are  installed  is  as  low  as  one-tenth  of  one  per  cent. 

OUTSIDE  SPRINKLERS 

Development  of  Design.  Outside,  window,  or  cornice  ^linkleis 
are  designed  to  protect  a  building  against  exposure  hazards,  Tlie 
conditions  under  which  these  sprinklers  work  and  the  service  required 
of  them  necessitates  a  head  of  a  very  different  design  than  the  auto- 
matic sprinklers  just  described. 

Like  the  automatic  sprinklers  these  outside  heads  have  passed 
through  a  long  history-  of  development.    Perforated  pipe  was  first 


Fig.  137.     Two  Forma  of  Outside  Sprinkler  Heads 

tried  for  outside  protection,  but  the  perforations  clogged  easily  and, 
unless  the  pipe  was  very  large  and  the  amount  of  water  used  exces^ 
sive,  that  part  of  the  pipe  line  nearest  the  riser  discharged  most  of 
the  water  while  but  little  reached  the  end  of  the  pipe.  Much  of  this 
water  was  sprayed  upon  the  incombustible  brick  walls  of  the  build- 
ing while  the  windows,  the  points  most  in  need  of  protection,  received 
no  extra  share.  The  earliest  types  of  cornice  sprinklers  were  an 
improvement  over  perforated  pipe  in  that  they  localized  the  densest 
part  of  the  shower  over  the  vulnerable  parts  of  the  building.  Still 
they  had  the  same  sized  orifices  and  deflectors  as  those  of  the  inside 
sprinklers,  so  that  the  water  was  sprayed  over  a  circular  cross  section 
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TABLE  III 
Size  of  Orifices  for  Window  Sprinklers 
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2Lmea 

3  Lines 

4  Lines 

5  Lines 

6  Lines 

Top    Line 

i  inch  ^ 

i  inch 

i  inch 

i  inch 

t  inch 

Next  low 

A  inch 

A  inch 

i  inch 

i  inch 

i  inch 

Next  low 

i  inch 

A  inch 

A  inch 

A  inch 

Next  low 

1  inch 

A  inch 

A  inch 

Next  low 

J  inch 

I  inch 

Next  low 

i  inch 

and  much  of  it  was  lost  by  being  sprayed  into  the  air.  The  orifices 
in  outside  sprinklers  are  not  sealed  and.  their  action  is  not  automatic 
so  that  when  the  water  is  tinned  on  it  flows  from  all  the  heads  at 
once.  Experience  showed  that  if  the  orifice  was  made  smaller — 
from  }  to  f  inch  in  diameter — ^the  amount  distributed  by  the  first 
and  the  last  sprinkler  on  a  line  would  be  more  uniform  and  the  pres- 
sure throughout  would  be  better;  it  was  also  found  that  it  was  best, 
where  there  were  several  Imes  of  outside  sprinklers  on  a  building,  to 
have  the  orifices  of  the  heads  on  the  top  lines  larger  than  the  orifices 
in  the  lower  ones. 

The  shape  of  the  deflector  has  also  been  corrected,  as  indicated 
by  the  two  types  of  outside  sprinklers  shown  in  Fig.  137.  It  will  be 
noticed  that  the  deflector  is  designed  to  spray  the  water  down  and 
against  the  building. 

Window  Sprinklers.  The  National  Board  of  Fire  Underwriters 
specify  that  windows  not  exceeding  5  feet  in  width  should  be  pro- 
tected by  one  sprinkler  placed  in  the  center  near  the  top  in  the  best 
position  to  thoroughly  wet  the  entire  window.  For  windows  of 
greater  width  and  in  cases  where  muUions  interfere  with  the  distri- 
bution of  the  water  twa  sprinklers  should  be  used. 

Size  of  Orifice.  When  there  is  but  one  horizontal  line  of  window 
sprinklers  each  head  should  have  a  smooth  bore  tapering  outlet  with 
an  unobstructed  orifice  f  inch  in  diameter.  If  the  building  requires 
more  than  one  line  the  size  of  orifice  to  be  used  is  as  given  in  Table  III. 
Where  there  are  over  six  lines  of  windows,  the  sprinklers  may  often 
be  omitted  in  the  first  and  sometimes  on  the  second  floor.  If  over 
six  lines  are  necessary,  the  system  thould  be  divided  horizontally 
and  each  division  fed  from  separate  risers. 
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TABLE  IV 
Number  of  Sprinkler  Heads  for  Different  Size  Pipe 


Sprinkler  Orifice 
l-tnch 


Sprinkler  Orifice 
A -inch 


Sprinkler  Orifice 
i^nch 


1  head  on  J-inch  pipe^  1  head  on  j-inch  pipe 

2  headi)  on  1-inch  pipe  3  heads  on  1-ineh  pipe 
4  heads  on  li-inch  pipe  6  heads  on  li-inch  pipe 
0  heads  on  l)-inch  pipe 


I 

1  head  on      {-inch  pipe 

5  heads  on    1-inch  pipe 

6  heads  on  1  J-inch  pipe 


Risers.    Either  the  risers  may  feed  the  pipes  from  the  center  as 
shown  in  Fig.  138,|]or  there  may  be  two  risers,  one  at  each  end,  and 


Fig.  13H.     Outside  Sprinkler  Piping  Syfltcm  with  Single  Central  Riser 

the  sprinkler  pijx^s  run  between  them,  forming  a  gridiron  s^'stem. 
Fig.  139. 

With  the  central  riser  method  of  feeiling,  no  branch  Hne  may  have 
over  six  heads  and  with  the  gridiron  system,  twelve  are  the  most 
allowed  on  each  pipe.    The  pii)e  sizes  should  be  as  given  in  Table  IV. 


Fig.  139.     Outride  Sprinkler  Piping  System  with  Side  Risen 

/  The  size  of  the  feed  mains  and  risers  in  the  central  riser  system 
shall  be  determined  as  in  Table  V. 
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TABLE  V 
SISM  of  Peed  Mains  and  Central  Feed  Risers 
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1}  inch — Not  over  6  heads 
2  inch — Not  over  10  heads 
2}  inch — Not  over  20  heads 

3  inch — Not  over  36  heads 
3J  inch — Not  over  55  heads 

4  inch — Not  over  72  heads 

If  the  system  is  gridironed  the  above  figures  may  be  used  by 
counting  the  nimiber  of  heads  to  the  center  of  the  pipe  as  the  num- 
ber of  heads  suppUed  by  each  riser. 

The  size  of  the  mains  necessary  to  feed  the  risers  should  also 
be  determined  from  Table  V,  although,  if  the  length  of  any  main — 
including  the  length  of  the  riser  as  far  as  the  first  branch — ^is  more 
than  25  feet,  the  main  should  be  at  least  a  size  larger  than  required 
by  the  table.  In  cases  where  there  is  more  than  one  riser,  the  proper 
underwriters  should  determine  the  size  of  the  mains,  which  in  any 
case  should  never  be  smaller  than  the  full  equivalent  of  the  two 
largest  risers. 

Pipes  and  Fittings.  All  the  pipes  and  fittings  as  far  back  as  the 
cast-iron  supply  mains  should  be  of  the  most  carefully  galvanized 
wrought  iron  or  other  approved  material,  and  all  of  it  should  be  thor- 
oughly inspected  before  it  is  installed.  When  installed  all  the  pipes 
should  be  supix)rted  as  securely  as  is  required  for  inside  work,  and 
like  inside  pipes  they  should  be  so  pitched  that  the  whole  outside 
system,  as  far  back  as  the  inside  valve  which  controls  the  water  sup- 
ply can  be  drained.  The  drip  pipe  provided  should  be  of  the  same 
size  as  that  required  for  inside  sprinklers. 

Valves.  The  valves  necessary  in  an  outside  system  are  simply 
those  to  admit  or  cut  off  the  water  supply.  If  central  risers  are  used 
^eadi  riser  should  have  a  separate  controlling  valve.  When  side- 
feed  risers  are  used  they  should  be  connected  at  the  bottom  and 
should  have  but  one  valve  so  located  as  to  control  both  risers.  The 
design  of  these  stop  valves  should  be  the  same  as  that  required  for 
inside  sprinklers,  and  each  valve  should  be  distinctly  marked  in 
half-inch  or  larger  letters  to  denote  its  use.  These  riser  valves  should 
be  located  in  an  accessible  place,  preferably  not  above  the  first 
story. 

In  case  the  outside  sprinklers  are  ineffectual,  it  is  often  best  to 
shut  the  water  off  from  them  and  devote  it  to  other  purposes.    For 
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this  reason  there  should  also  be  a  controlling  valve  at  some  safe  dis- 
tance from  the  sprinklers  where  it  could  be  used  during  an  exposure 
fire.  The  best  place  for  such  a  valve  is  outside  the  building  on  the 
side  opposite  to  that  protected  by  the  sprinklers.  If  a  steamer  con- 
nection is  provided,  that  too  should  be  similarly  located  at  a  safe 
distance,  and  protected  so  that  it  might  be  used  during  a  fire.  These 
valves  may  be  located  in  a  valve  room  properly  cut  off  or  in  a  pit, 
according  to  the  decision  of  the  underwriters  having  jurisdiction. 
If  they  are  underground  they  should  be  in  approved  pits  accessible 
through  manholes  or  else  fitted  with  approved  post  indicators. 

Gauge  Connections.  Both  at  the  top  of  each  riser  and  at  a  point 
just  below  the  controlling  valve  outlets  should  be  piped  into  the 
building  and  plugged,  in  order  to  provide  for  the  attaching  of  a  test 
pressure-gauge. 

Water  Supply.  The  water  may  be  supplied  to  outside  sprinklers 
from  the  public  mains,  from  a  pump,  standpipe,  reser\'oir,  or  steamer 
connection ;  but  never  from  the  gravity  or  pressure  tank  which  sup- 
plies the  automatic  sprinklers,  except  in  case  the  gravity  tank  has  an 
excess  capacity  which  only  can  be  drawn  off  for  this  purpose.  If  any 
supply  to  outside  sprinklers  feeds  other  water  distributing  device 
such  as  hydrants,  inside  sprinklers,  etc.,  the  system  should  be  arranged 
so  that  the  outside  sprinkler  supply  could  not  be  obtained  at  the 
expense  of  diminishing  the  supply  to  the  other  appliances.  The 
water  supply  should  be  of  sufficient  capacity  to  feed  both  the  outside 
sprinklers  and  the  other  devices  at  the  same  time,  and  also  sufficient 
to  feed  all  the  sprinklers  designed  to  operate  at  one  time  and  main- 
tain not  less  than  10  pounds  pressure  at  the  top  of  the  riser  for  at 
least  one  hour. 

Comke  or  Ridgepole  Sprinklers.  A  line  of  open  sprinklers  is 
often  used  to  protect  the  mansard  roof  of  a  brick  building,  or  to 
protect  low  frame  buildings.  For  such  purpose  the  heads  should 
have  orifices  f  inch  in  diameter  and  should  l)e  spaced  not  over 
8  feet  apart  on  the  line,  and  the  pipe  sizes  and  arrangement 
of  the  heads  should  be  the  same  as  those  required  for  window 
sprinklers. 

If  the  capacity  of  the  water  supply  x^-ill  admit  sprinklers  with 
A-inch  or  ^-inch  orifices,  pipe  sizes  at  least  as  large  as  the  follow- 
ing specifications  should  be  used: 
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1  head  on  1-inch  pipe 
3  heads  on  IHi^ch  pipe 
5  heads  on  l^-inch  pipe 
8  heads  on    2-inch  pipe 


Frame  buildings  over  two  stories  high  are  best  protected  by 
two  or  more  horizontal  lines  of  sprinklers,  one  line  at  each  of  the 
upper  stories,  beginning  at  the  eave  line,  and  if  the  windows  are  not 
over  8  feet  center  to  center  the  heads  should  be  located  over  them. 

Protection  of  Outside  Sprinlders.  The  ' 'water  curtain"  obtained 
from  outside  sprinklers  is  sufficient  to  protect  a  building  during  its 
exposure  to  fires  of  ordinary  severity.  In  the  case  of  a  conflagration, 
however,  or  when  a  fire  is  very  close,  the  heat  may  be  sufficient  to 
turn  this  thin  film  of  water  into  steam,  in  which  case  the  inside 
^rinklers  will  operate.  Outside  sprinklers,  although  a  great  help, 
are  not  sufficient  protection  to  be  used  in  preference  to  fire  shutters. 
In  conjunction  with  them,  however,  a  barrier  is  produced  that  fire 
can  scarcely  cross. 

STANDPIPES 

Advantages*  Except  for  the  automatic  sprinkler  which  as  yet 
is  but  little  used  in  office  buildings,  modern  fire-fighting  apparatus 
is  inadequate  in  tall  structures.  The  pressure  necessary  to  force 
water  to  any  considerable  height  will  break  the  ordinary  fire-depart- 
ment hose  and,  furthermore,  the  carrying  of  hose  into  high  burning 
buildings  is  a  slow  and  dangerous  task. 

The  best  assurance  of  a  good  and  prompt  supply  of  water  in  the 
upper  stories  is  to  equip  a  building  with  a  standpipe  fire  Une,  which  in 
general  is  a  large  metal  pipe  extending  from  the  cellar  to  the  roof, 
and  provided  with  hose  outlets  at  each  floor,  so  that  the  water  supply 
admitted  to  the  standpipes  may  be  converted  into  hose  streams  at 
any  floor.  The  necessity  for  some  such  aid  to  fire  fighting  in  tall 
buildings  and  in  those  of  great  area  is  so  great  that  cities  usually 
make  it  a  requirement.  Schools,  hotels,  asylums,  and  business  blocks, 
wherever  located,  should  be  fitted  with  these  lines. 

Size  of  Pipe.  In  buildings  not  more  than  150  feet  high,  the  stand- 
pipe  should  be  4  inches  in  diameter,  higher  buildings  require  stand- 
I»pes  6  inches  or  more  in  diameter.  The  pipe  itself  should  be  of 
wrought  iron  or  steel  of  standard  quality  and  strong  enough  to 
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endure  the  pressure  necessar}'  to  force  adequate  streams  of  water 
through  it  to  the  roof.  All  of  the  fittings  must  be  of  wrought  iron, 
never  of  cast  iron.  All  the  joints  must  be  screwed  joints  made  thor- 
oughly tight  with  red  lead.  Offsets  and  bends  should  be  avoided 
wherever  possible,  and  wherever  bends  are  necessary  they  should  be 
of  a  radius  equal  to  five  diameters  of  pipe. 

The  standpipe  must  rest  on  brick  pier  foundations  or  must  be 
suspended  from  the  floor  beams  by  heavy  iron  hangers,  and  it  must 
be  securely  stayed  and  braced  at  each  floor  to  withstand  vibratioD. 
When  more  than  one  standpipe  is  installed,  cross  pipes  as  large  as, 
or  larger  than,  the  main  risers  should  connect  them  in  the  basement 
All  the  horizontal  supply  lines  must  be  hung  from  the  floor  beams 
by  heavy  iron  hangers  spaced  no  more  than  10  feet  apart. 

To  the  standpipe  there  must  be  an  outside  two-way,  3-inch,  fire 
department  connection  fitted  with  clapper  valve  and  caps.  This 
connection  should  be  above  the  curb  on  the  street  front  of  the  build- 
ing where  it  can  be  easily  used  by  the  fire  department.  At  each  floor 
level,  and  if  possible  within  the  stairway  enclosures,  there  should  be  a 
2§-inch  hose  outlet,  of  regular  fire  department  pattern  fitted  with  some 
tj'pe  of  controlling  valve — preferably  a  gate  valve.  Attached  to 
these  outlets  and  arranged  on  approved  racks  or  reels,  there  should 
be  sufficient  2|-inch  standard  fire  hose  to  adequately  cover  each 
floor.  Approved  open  or  controlling  nozzles  should  be  attached  to 
the  hose. 

Water  Supply.  The  water  supply  to  such  a  system  may  be 
pumped  in,  or  if  the  pressures  are  adequate,  it  may  come  from  the 
city  mains,  or  it  may  be  supplied  from  a  gravity  or  pressure  tanL 
According  to  its  water  supply  the  standpipe  should  be  fitted  with  a 
check  valve  at  its  top  or  bottom,  and  at  both  top  and  bottom  if  sup- 
plies enter  at  both  ends.  For  high  buildings  and  for  such  buildings 
as  schools,  hospitals,  theaters,  and  business  blocks,  two  supplies 
should  always  be  provided.  If  a  gravity  supply  is  used,  the  bottom 
of  the  tank  should  be  elevated  at  least  20  feet  above  the  highest  hose 
outlet  and  the  tank  capacity  should  be  not  less  than  3,500  gallons. 
If  the  domestic  supply  is  dra\Mi  from  the  same  tank,  the  pipe  from 
which  it  is  dra\\Ti  should  enter  the  tank  at  a  sufficient  height  from 
the  bottom  to  prevent  the  domestic  supply  from  drawing  down  the 
water  to  a  level  below  that  required  for  the  standpipe  supply. 
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Installation.  When  a  standpipe  is  being  installed  in  a  building 
in  the  course  of  erection,  it  should  be  carried  up  with  each  floor  and 
kept  in  condition  for  use  after  the  structure  becomes  too  high  (6-7 
stories  usually)  to  be  easily  covered  ^ith  the  local  fire  department 
equipment. 

To  prevent  dirt  and  building  materials  falling  into  the  pipe  and 
obstructing  it,  the  top  of  the  standpipe  should  be  capped  at  all  times 
when  work  on  it  is  not  going  on  at  that  point. 

In  all  cases  the  equipment  should  be  built  according  to  plans 
corrected  and  approved  by  the  local  building  authorities  and  insur- 
ance underwriters. 

PERFORATED  PIPES 

In  the  past  perforated  pipe  has  been  used  for  both  inside  and 
outside  protection,  though  in  most  cases  with  but  poor  success.  At 
the  present  time  its  use  is  largely  confined  to  the  protection  of 
places  which  in  time  of  fire,  on  account  of  the  smoke  and  poor  venti- 
lation, would  be  reached  with  difliculty,  such  as  cellars,  subcellars, 
coal  chutes,  and  shaving  vaults.  The  water  supply  to  these  pipes  is 
pumped  into  them  by  the  city  fire  department.  Although  in  any 
particular  case  the  local  building  laws  and  insurance  authorities 
must  govern  the  details  as  to  the  pipe  to  be  used  and  the  way  it  is 
to  be  installed,  results  have  shown  that  a  system  approximating 
the  following  is  most  satisfactory'. 

Pipe  S>stem.  Pipe.  The  pipe  and  fittings  should  never  be  of 
cast  iron;  the  former  may  be  either  of  wrought  iron  or  of  steel  able 
to  withstand  a  pressure  of  300  pounds  to  the  square  inch.  Pipe  of 
IJ-inch  internal  diameter  is  best.  Running  lengthwise  on  each 
quarter  of  the  pipe's  circmnference  there  should  be  a  line  of  A-inch 
holes  drilled,  not  punched.  The  holes  in  the  separate  lines  should  be 
2  inches  apart,  and  so  placed  that  those  on  one  line  will  come  oppo- 
site points  half  way  between  the  holes  of  the  adjacent  lines,  or  as  it  is 
most  conmionly  expressed — the  holes  or  adjacent  lines  should  be 
"staggered."  Such  an  arrangement  makes  24  perforations  to  the 
running  foot  of  pipe. 

Installation.  The  system  consists  of  parallel  lines  of  such  pipe 
suspended  by  iron  hangers  from  the  ceiling  so  as  to  be  parallel  to 
and  at  leftst  6  inches  below  it.    In  order  to  withstand  vibration  and 
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jar  these  pipes  must  be  securely  braced  and  fastened.  These  ove^ 
head  lines  should  run  the  entire  depth  of  the  building  about  12  feet 
apart,  measured  from  center  to  center,  and  about  6  feet  from  the 
side  walls. 

Close  to  and  parallel  to  either  the  front  or  the  side  wall  there 
should  be  a  4-inch  feed  pipe  from  which  the  perforated  pipes  should 
extend.  From  this  feed  pipe  a  4-inch  connection  should  extend  out- 
side of  the  building,  terminating  in  a  3-inch  Siamese  fire  department 
connection  fitted  ^ith  proper  check  valves.  Through  one  Siamese 
connection  no  more  than  400  feet  of  perforated  pipe  can  be  properiy 
supplied,  and  this  should  be  so  divided  that  no  single  line  should  be 
more  than  100  feet  long.  Systems  containing  more  than  400  feet 
of  pipe  must  be  fed  through  two  or  more  outside  connections. 

The  equipments  for  cellars  and  subcellars  must  be  entirely 
separate.  The  outside  connection  to  the  cellar  must  be  6  inches  or 
more  above  that  to  the  subcellar,  and  each  connection  must  be 
marked  plainly  in  raised  letters  on  an  iron  plate  fastened  near  it 

TO  PERFORATED  PIPES  IN  CELLAR 
TO  PERFORATED  PIPES  IN  SUBCELLAR 

In  order  to  avoid  friction  loss  there  should  be  as  few  bends  as 
possible  and  those  cur\es  which  are  unavoidable  should  have  a 
radius  at  least  six  times  tlie  diameter  of  the  pipe. 

WIRE  GLASS 

Early  Methods  of  Manufacture.  For  many  centuries  efforts 
were  made  to  produce  a  malleable  glass,  but  these  efforts  have  today 
practically  ceased  on  account  of  the  invention  and  improvements  in 
the  manufacture  of  what  is  known  as  **wire  glass."  In  1855  there  was 
granted  in  England,  to  Alfred  Vincent  Newman,  a  patent  for  sheet 
glass  which  was  reinforced  by  a  wire  netting  in  the  center.  It  was 
never  manufactured  to  any  extent  either  by  Newman  or  by  the  dozen 
or  more  other  inventors  who  obtained  patents,  the  physical  problem 
of  successfully  inserting  the  wire  mesh  in  the  glass  having  proved 
for  many  years  an  unsolvable  problem,  at  least  commercially. 

Shuman's  One  Pour  Process.  In  1892  Frank  Shuman  w^as 
granted  United  States  patents  483,020  and  483,021  for  an  improved 
method  of  inserting  the  wire  in  glass.    These  patents  to  Shuman  were 
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the  first  issued  in  the  United  States  for  wire  glass,  and  he  was  the 
first  person  to  manufacture  it  commercially.  His  process  differed 
from  those  of  any  of  his  predecessors,  the  early  method  having  been 
to  pour  two  ladles  of  glass  and  imbed  the  wire  in  the  center,  while 
Shimian  used  only  one  pour.  In  brief,  the  Shuman  process  consisted 
in  pouring  a  mass  of  glass  upon  a  table  where  it  was  acted  upon  by 
three  rollers  which,  were  united.  The  first  roller  pressed  down  and 
flattened  out  the  mass  of  glass;  the  second  roller,  which  was  corru- 
gated, pressed  into  the  upper  surface  of  the  glass  the  wire  mesh  which  • 
ran  between  the  first  and  second  rollers;  the  third  roller  followed  and 
flattened  out  and  smoothed  over  the  whole  surface.  Shuman  received 
on  November  1,  1893,  in  recognition  of  his  process  the  John  Scott 
legac>'  and  premium  medal  from  the  Franklin  Institute  in  Philadel- 
phia. It  has  been  stated  that  Shuman  patents  are  one  of  the  few 
instances  where  a  patented  process  was  capable  of  performing  its  work 
on  a  commercial  basis  when  first  put  upon  the  market. 

The  success  of  Shuman  led  to  many  attempts  to  improve  and 
perfect,  and  in  many  cases,  doubtless,  to  infringe  upon  his  patent. 
There  were  objections  to  the  Shuman  process,  namely,  the  uneven 
placing  of  the  wire,  the  hardness  of  the  product,  the  smallness  of  the 
sheets,  and  fourth,  the  markings  on  the  glass  by  the  mesh,  by  which 
it  became  known  as  caramel  glass. 

Modern  "Two  Pour**  Methods.  The  manufacturers  reached  the 
conclusion  that  the  objections  could  not  be  overcome  by  the  "one 
pour"  process,  as  it  was  called,  and  turned  their  attention  to  the 
"two  pour"  process,  which  was  the  first  process  patented.  Leon 
Appert,  in  France,  and  Edmund  T.  Schmertz,  in  America,  appar- 
ently about  the  same  time  reached  a  solution  of  the  latter  process, 
Appert  receiving  a  patent  in  France,  January  24, 1894,  and  Schmertz 
applying  for  one  in  the  United  States,  March  10,  1895.  Litigation 
inimediately  arose  between  the  two  parties  and  it  was  not  until  May 
30,  1905,  that  the  original  and  reissued  patents  were  granted  to  the 
as^gnees  of  Schmertz,  it  having  taken  something  over  ten  years  to 
settle  the  controversy  between  the  two  contestants.  The  Schmertz 
process  is  the  one  which  is  now  used  most  extensively,  having  super- 
ceded both  the  Shuman  and  the  Appert  methods. 

Schmertz  Method.  In  the  making  of  wire  glass  by  the  Schmertz 
process  a  table  is  provided,  over  which  is  passed  a  leading  roller,  so 
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placed  in  relation  to  the  surface  that  it  controb  the  thickness  of  tbe 
glass.  Following  this  is  a  chute  for  feeding  the  wire  netting  and 
another  roller,  so  placed  that  a  second  layer  of  glass  is  lud  upoD  the 
fint  sheet  with  the  nire  between.  To  cast  a  sheet  a  sufficient  quan- 
tity of  the  melted  glass  is  poured  on  the  table  and  the  first  rolla 
moved  fom'ard.  As  soon  as  this  roller  has  run  about  18  inches  the 
wire  netting  is  let  down  through  the  chute  upon  the  sheet  and  nude 
to  lie  fiat  upon  it.  The  rear  roDa 
then  advances  and  forces  the  9e^ 
ond  casting  of  glass  over  mi 
through  the  wire  netting,  thus 
firmly  welding  the  glass  in  tbe  tro 
castings  to  the  wire  netting  and  to 
each  other,  into  one  solid  sheet 
of  wire  glass,  Fig.  140.  The 
product  has  a  polished  surface, 
the  wire  netting  is  practically  in 
the  center,  and  the  glass  Is  cletf. 
Sheets  150  inches  in  length  a« 
cast  without  difficulty.  Theprod- 
uct  of  this  process  is  capable  of 
sustaining  a  high  polish  and  this 
fact  has  greatly  broadened  the 
field  of  uscftdness  for  wire  glftS^- 
Shuman's  Latest  Process.  In 
1901  Arno  and  Frank  Shuman, 
the  latter  the  inventor  of  the  fipt 
pnKx-ss,  invented  another  method 
in  which  a  wire  netting  is  placed  upon  the  table,  a  ladle  full  of  ^ass 
is  poured  upon  the  netting  and  the  roller  passed  over  it,  pressing  the 
glass  into  a  sheet  of  the  desired  thickness.  This  process  is  said  to  be 
used  to  a  limited  extent  only,  as  the  product  made  has  many  of  the 
objections  to  the  first  Shuman  process.  Before  1S92,  fifteen  patents 
had  been  issued  on  wire  glass,  but  since  that  period  over  250  have 
been  granted,  and  the  end  is  undoubtedly'  not  even  in  sight.  It  is 
perhaps  sufficient  for  tins  phase  of  the  matter  to  state  that  new  patents 
«-ili  some  time  or  otlicr  be  issued  which  may  reduce  the  value  of  the 
first  or  primary  patents  and  cheapen  the  product. 
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Commercial  Distribution.  Wire  glass  has  been  seldom,  if  ever, 
Id  direct  to  the  consumer,  being  sold  to  jobbers  in  glass  and  allied 
iterials,  as  paints,  oils,  sashes,  doors,  etc.,  the  requirement  being 
Git  a  jobber  must  purchase  in  car  load  lots  and  have  a  warehouse 
'  distributing  the  glass  over  his  territory.  There  is  some  tendency 
w,  however,  to  get  away  from  the  practice  of  dealing  only  with  the 
>ber  and  to  deal  direct  with  the  consumer,  especially  as  the  mak- 
l  of  the  metal  frame  in  which  the  glass  is  placed  has  become  a  large 
i  important  business.  Interesting  as  this  part  of  the  wire  glass 
lustr>'  may  be,  it  is  not  the  primary  interest  in  connection  with  the 
kterial  in  this  work.  The  student's  interest  is  in  the  use  of  wire  glass 
a  fire  retardant,  though  some  of  its  other  uses  are  worthy  of  note. 

Qenerai  Advantages.  Wire  glass,  it  should  be  remembered,  does 
t  differ  from  other  glass  except  in  the  one  particular  that  if  broken 
any  cause,  the  several  pieces  hold  their  position  in  the  sheet 
tead  of  falling  out.  This  property  can  be  successfully  utilized  in 
my  cases,  particularly  in  skyUghts  where  a  sacrifice  in  the  amount 
light  can  easily  be  allowed,  and  in  floor  and  vault  lights,  where  the 
ment  of  strength  is  also  necessary.  In  all  such  cases  wire  glass 
mid  have  the  preference  over  the  ordinary  glass,  as  this  would 
viate  the  danger  of  the  glass  falling  when  broken  and  injuring 
Tsons,  and  perhaps  making  the  property  owners  liable  for  dam- 
jcs.  Another  advantage  comes  from  the  fact  that  wire  glass  can  not 
t  cut  as  readily  as  ordinary'  glass  and  hence  may  more  successfully 
ast  the  efforts  of  the  burglar  to  enter  through  the  window. 

Value  as  a  Fire  Retardant.  In  fire  insurance,  however,  the  chief 
Itim  for  wire  glass  is  that  it  resists  fire.  This  discovery  was  acci- 
€iital,  it  having  been  noticed  by  someone  that  wire  glass  had  suc- 
essfuDy  stood  up  against  a  very  severe  fire.  This  opened  for  the 
*oduct  an  enormous  field  which  has  been  developed  to  its  fullest 
^rtcnt  There  are  many  places  where  it  is  neither  possible  nor  desir- 
We  to  secure  an  effective  fire  stop,  by  means  of  such  dense  materials 
^  brick  or  terra  cotta,  or  by  some  form  of  translucent  partition, 
"ineed  wire  glass  inmiediately  fills.  It  may  be  a  barrier  or  a  stop 
or  fire  and  at  the  same  time  may  permit  light  to  pass  through.  In 
*0f  openings  it  has  come  to  have  a  very  large  use,  and  in  conditions 
^  exposure  fires,  where  shutters  are  not  desirable  or  can  not  be 
?*>ced,  it  is  coming  to  play  a  ver>'  large  part.    Indeed,  hardly  a  single 
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modern  fireproof  building  is  being  erected  at  the  present  time  with- 
out having  the  exposed  side  protec»ted  by  metal  sash  and  wire  glass. 
Many  elevators  which  formerly  had  merely  open  grill  doors  are  now 
successfully  backed  up  with  the  wire  glass,  thus  making  more  effec- 
tive the  closing  of  the  floor  opening.  It  may  be  safely  stated  that  a 
large  part  of  the  commercial  success  of  wire  glass  has  been  due  to  the 
fact  that  it  is  such  an  excellent  fire  retardant. 

Summary.    Advantages.    The  specific  advantages  of  wire  glass 
windows  from  a  fire  standix)int  may  be  set  forth  as  follows: 

(1)  The  wire  glass  window  can  be  used  on  all  classes  of  buildings  and  o&  iD 

sides,  even  the  Mtreot  fronts.    The  ordinai^*^  shutter  can  not  thus  be  used. 

(2)  The  wire  glass  window  is  generally  closed  at  the  time  of  the  fire;  if  open  it 

can  be  easily  and  quickly  closed.  It  is  the  regular  window  and  beiog 
opened  and  closed  every  day  it  is  known  whether  it  is  in  order  or  not. 
It  differs  from  the  shutter  in  this  respect. 

(3)  A  device  like  the  shutter  is  intended  to  be  used  for  fire  purposes  only  and 

will  not  receive  the  care  and  attention  which  a  window  used  every  day 
will  receive. 

(4)  Wire  glass  is  at  its  worst  translucent  and  some  of  it  is  as  transparent  aa 

ordinary  glass,  Fig.  140.  It  will  not  permit  a  fire  to  bum  inside  of  a 
building  for  hours  without  being  seen  from  the  outside. 

These  four  points  are  considere<l  the  leading  factors  in  favor  of 
wire  glass. 

Dimdvantagcs,    Its  weaknesses  may  be  thus  set  forth:  a,  That 
the  ghiss  will  yield  from  an  internal  firt*  if  it  l>e  sufficiently  severe, 
but  this  is  [)robably  equally  true  of  other  fire  retarding  materiab 
and  is  not  especially  to  be  charged  against  wire  glass.    In  the  case  of 
local  exposures  where  the  ex{H)sed  building  may  be  higher  than  the 
adjoining  building  where  the  fire  is,  or  where  it  may  be  situated  across 
a  narrow  alley,  wire  glass  has  given  a  most  excellent  account  of  itself. 
In  connection  with  the  exposure  across  the  alley  which  generally  will 
not  be  less  than  ten  feet  and  more  likely  fifteen  or  twenty  wide,  it 
should  be  borne  in  mind  that  the  air  current  is  of  some  value  to  the 
resistance  and  wire  glass  has  certainly  stood  up  well  in  such  cases. 
It  is  claimed  by  many  students  of  the  business  that  wire  glass  instaUed 
in  all  the  windows  in  metal  frames  in  a  city,  will  eliminate  the  con- 
flagration hazard.    The  statement  is  probably  not  too  strong. 

Radiation  from  Hot  Wire  Glass.  It  should  be  pointed  out  in 
conclusion  that  the  matter  of  radiation  of  heat  from  a  hot  pane  of 
wire  glass  is  a  factor  to  be  taken  into  consideration.    For  this  reascm 
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it  is  a  generally  accepted  rule  that  stocks  should  not  be  nearer  than 
three  feet  to  the  windows  where  there  is  danger  of  an  exposiwe  fire. 
The  window  will  stand  up  under  the  fire  itself  without  yielding,  but 
it  will  radiate  a  sufficient  amount  of  heat  to  set  goods  on  fire  or  to 
damage  them. 

Some  fires,  with  their  dates,  are  here  given,  as  illustrating  the 
effective  use  of  this  material  in  actual  service. 

Armotir  ft  Company,  Chicago,  March  27,  1899,  Four-story  brick  build- 
ing of  large  area,  occupied  as  Felt  Works,  totally  destroyed  except  walls.  Very 
quick  and  severe  fire.  ''Wire  glass''  windows  in  wall  of  Felt  Works  against  a 
two-fltory  glue  storehouse  with  10  foot  alley  between.  Exposed  unprotected 
windows  in  glue  storehouse.  The  "wire  glass''  windows  in  wall  of  burned 
building  protected  the  other  building,  which  would  probably  otherwise  have 
been  destroyed.  A  stable  6  feet  distant  protected  by  ''wire  glass"  windows 
waa  also  saved. 

This  was  probably  the  first  important  practical  test  of  "wire  glass"  win- 
dows, and  was  unusually  severe  because  of  the  fact  that  the  windows  were  in 
the  wall  of  the  risk  which  burned. 

Armotir  ft  Company,  Chicago,  May  16, 1902.  Fire  destroyed  two  sections 
ol  Lard  Refinery,  100X400  feet,  5  stories  in  height.  A  very  quick  and  severe 
fire.  This  building  had  "wire  glass"  windows  which  remained  more  or  less 
intact,  except  where  portions  of  the  wall  fell,  and  aided  in  preventing  fire  from 
spreading  to  the  cannery,  30  feet  to  the  North,  and  Upton  &  Co.'s  packing 
plant,  75  feet  distant.  Another  example  of  "wire  glass"  submitted  to  very 
severe  test  from  internal  fire. 

Thos.  Roberts  ft  Co.,  Philadelphia,  July  2, 1902.  Wool  and  Cotton  Ware- 
house destroyed.  Buildings  across  alley  equipped  with  "wire  glass,"  which 
prevented  exposure  fire  from  entering. 

J.  L  Case  Plow  Works,  Racine,  Wis.,  February  24,  1903.  Buildings  were 
13  feet  apart.  One  building  was  equipped  with  "wire  glass"  windows,  and 
these  were  subjected  to  a  severe  fire  test  of  about  two  hours'  duration  and  pre- 
vented fire  from  spreading  to  this  building. 

Tbe  Lee  Hardware  Co.,  Salina,  Kan.,  December  4, 1903.  Lee  Mercantile 
Go.'a  five-atory  brick  building  50  X250  feet,  destroyed.  This  was  38  feet  north 
of  building  which  was  equipped  with  "wire  glass."  It  is  stated  that  the  win- 
dows were  subjected  to  a  severe  test  for  at  least  two  hours  and  remained  intact, 
thus  saving  the  property. 

Baltimore  Conflagration,  February  7,  1904.  The  most  notable  example 
of  "wire  i^aas"  was  the  new  Transformer  Station  of  the  United  Electric  Light 
ft  Power  Co.  This  was  on  the  edge  of  the  burned  district,  fire  destroying  all 
bnildingii  except  at  rear.  The  street  front  was  protected  by  large  "wire  glass" 
windows  which  remained  intact  except  one  on  the  lower  floor,  evidently 
destroyed  by  falling  wall.  While  these  windows  were  apparently  not  sub- 
jected to  a  very  severe  test,  they  nevertheless  saved  the  contents  of  this  sub- 
statioQ  from  being  damaged. 

Another  example  was  the  bank  building  of  Alexander  Brown  &  Sons. 
Tliis  stood  directly  in  the  path  of  the  conflagration  and  buildings  were  destroyed 


233 


224  FIRE  INSUKAN'CE  INSPECTIONj 

all  around  it.    ThcKiiith  wall  was  equipped  with  "iriie  ^aaa"  wiultiwa  ■ 
rpmoiiic*)  inincl,  px<'<'pl  wIutp  broken  by  tailing  wall*. 

Horner  Buildtng,  New  York  City,  March  25, 1004.    Six-etorj'  Itrlck  b 
iiiK,  wiiixl  lliHirv,  (Kfutiiiil  a*  fumiturr  wnrchouiie;  completdy  gutted'tqrl 
with  llic  exiiiiticm  of  dpvntor  Hhaft.    Tliit>  ehafi  waa  protocted  by  m«Ul  fl 
eni)  (liHim  Kluml  <<v<  r  iibiiut  um-lialf  their  surface  with  "win  ftam 
iloora  and  "win'  icl:u«^"  n-m»inrd  inlaci  and  there  was  no  damage  in  tb«  dtf 
(.haft. 

Powers  Hercantils  Bld(.,  Minneapolia,  December,  1004.  Bear  et-Uit 
buil<linic  wiu  pnitccKil  with  "wire  ftliiHHi"  10  Tcct  ocroes  filer  «■  IBo^il 
llrothi-nt'  hrick  iiuTrunlile  buililinfi,  wliiih  wiu  totally  destro)-ed  by  finC- ik» 
"win-  kIuni"  windowM  remainiii  intiirt  and  doubtlcaa  saved  the  Pomn  mim- 
eanlilc  buililinic.  ., 

Montgomery  Ward  &  Co.,  Chicago,  1904.  Largo,  fire-story  brick,  mir* 
cunlili-  huildliiit;  niiwily  i-lnihingi  praclically  a  total  Iohs,  About  20  to  25  tet 
ui'max  iiUi-y  wiui  the  1wi'lvi<-s1iiry  MuiitKoiner>-  Ward  Building,  protected  on 
I'XiHiMisI  ^i.ip  by  -win'  niiuw"  windimii.  These  windows  held  intact  againlt 
ihiMM'Vcii'cxiHv-un- with  prniM  ii-ally  ni>  lieu  to  the  MontRomcry  Ward  Building, 

Empire  Plow  Works,  Cleveland,  O.,  October,  190S.  "Win  glaae"  win- 
dow:! in  one  M-eli»n  of  biiitdinK  ovit  the  nmf  of  ailjuining  aeetion.  Fire  spread 
from  one  Mi-tiim  tn  thi'  iilliiT  tlirouKb  door  opcninp,  and  theae  windows  were 
attuekiil  from  biitli  hidt-H.  The  frames  were  of  wood,  covered  with  tin,  and 
verj-  ch'fii'iive.    The  frainoa  fiiiliil  and  the  fioM  melted. 

New  York  City,  December  10,  1905.    Two  tcn-Mtory  loft  buiUUngs  of 
aliuut  eiiuiil  anil.  M'|i»r:ited  l>y  liKhi  court  about  10  feot  wide.    One  building 
l>rotretiHl  by  "win-  uliiiw"  on  liitht  court,  while  the  other  building  was  not  pcof 
liHictl.    Till-  twii  lop  Ktorie:<  of  the  unpnitectetl,  or  old  building,  wen  bipni^^ 
will.  iiu1>j<>etini[  the  "wire  iclai>ii"  wimlowx  on  ihc  new  building  to  a  modanff;'. ' 
Icsl.    The  "wire  k1:>>s"  :ill  held  iniui'l  with  lilllc  damage.  '   f 

San  Francisco  Conflagration,  April,  1900.  Most  notable  examplB.flf 
"win'  ^liiss"  jiriitirtion  w-i"  lIic  Wi-slem  KWlrie  Company's  building^  vUw 
W!!.-:  >':ivi-<l,  :ilr1iim):U  I'verylhini:  eUe  in  the  vidnity  was  dcstroj-ed.  ThU;:a|l)i 
iL  foiir-Mi'jy  i'rirk  Imildiiiii  with  "wire  |d:uw"  windows  on  all  sidea.  Tba Iflft 
of  the  |:1:i>s  uiiirluws  wiui  larce  and  the  lest  a  verj'  twrerc  one,  particolatl^M 
one  side.  Ii  w:is  ei|iiii<)H<il  with  Bprinktem.  but  Ihc  licat  loude  wu  BAk  nt 
<-icnl  lo  o]HTiite  ihrui.  The  nio!<t  severe  luenl  exposure  was  a  fourttoty  Mlf9 
loilKini:  hoUN,-  :!.*]  feet  disliiiil,  and  a  large  pile  of  some  40,000  wood  IIIIIWIM. 
nil  of  wliii'h  were  totally  d.-^troyetl.  Employes  fought  the  fire  from  MmI^iUI  . 
willi  \v;iii'r  pails.  exliii|!ni.'-liinic  incipient  fires  whieh  were  started  by  thalallpff 
li.-:it. 

Reed  Brothers  ft  Co.,  Clevehud,  O.,  September  ZS,  IMO.  Scmiimuij 
buililinf!,  Fill.  Ill,  oeeupled  as  a  millinery  store.  Side  wall  protected .nHb 
"wirenlass"  windows,  which  were  more  than  half  the  wall  area.  Twenty  hit 
across  alley  wiis  the  wun.-hoiisi>  of  the  I'ittsburgh  Plate  Ghiss  Co...  wUt^ 
w:is  totally  cli-sini.<i'cil.  1'lie  "uire  glass"  windowu  remained  intact  exeefit  ftv 
lliosc  uindows  which  were  broken  by  a  fnlling  wall.  This  was  ^iputBtlir:^  ;j 
very  severe  test,  as  sliown  by  iron  lircescajic  warped  by  the  heat.  -  -*.^ 

Repna  Trading  Co.,  Regina,  Saskatchewan,  Can.,  Jnne,  1007.    Fonf>-'v, 
story  brick  hotel  burned;  20  feet  across  was  a  brick  mercaDtile  bbtek  afat^ 
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New  York  City,  Hsrcli  10,  1908.  Sii-otory  brick  building,  occupied  for 
clothing  monufaciurinft.  wiu  practically  a  total  low.  A  twelve-atory  firepnxrf 
biiildiDK  adjuininK,  with  "win;  glniw"  windowain  wall  over  the  burned  buiUing, 
which  prevented  fire  from  entering  on  that  edde.  No  protection  on  street  iritf 
dowfl,  and  fire  entered  and  burned  out  some  of  the  upper  floora.  Floor  openings 
in  this  building  protected  by  Icrra  cotta  partitions,  stamped  metal  doon  with 
"wire  gluas"  panclK.  Some  of  thcac  doors  and  glass  failed,  due  partly,  at  least, 
to  faulty  const  ruction,  but  they  prevented  the  fire  spreading  from  one  floor 
to  another  through  the  floor  openings. 

Atlanta  Bos  Co.,  AtlanU,  Ga.,  July  13, 1908.  Three-story  biiok  furniture 
factory  with  "wire  glnss''  windows  above  the  large  adjoining  and  communicat- 
ing one-story  frame  box  factory.  Many  of  these  windowa  failed  and  automatic 
Bprinklcni  in  the  furniture  factor)-  prevented  fire  from  gaining  a  footbold  tmdde. 


BBIT 

Fi«.  142.     Slnkinu  Kiatuiilr  <i(  ih<?  Ksn  Thst  Wire  Glw  Wiodowa  Do  Pn>l«e.     \1ew  Slunt 

Itullrr  llr..ll.rn  Kun-hou^c   L'lijDJuml  by  KLrc  u:iu«  Ihi  Siml 

Ciu'lrtu  M>!ei',ippi  Wirt  Glatt  Company.  !fev  York 

This  nuisl  have  biMTi  u  p;irti<-iil;irly  quick,  hot  fire.  The  window  frame  and 
Mish  were  defective,  and  it  is  jiri>liiil>le  th:il  had  the  windows  been  of  standard 
const  ruction  the  result!"  wimUl  have  been  difTercnI.'     •  7-. 

Cleveland,  O.,  November  15,  1908.  yive-story  brick  mercantile  building 
(clothing  Mtock)  destroyed  by  fire.  .\{ljoined  a  twelve-story  fireproof  building 
with  "wire  gliiKs"  windows  in  wull  above  exposure.  These  windows  were 
Riven  n  sf-vcre  lest  but  lii'lil  inluct.  Window  shades  and  frame  trimmings 
inside  were  scorched  in  :i  few  eases,  but  apparently  did  not  ignite. 

Frankford,  Pa.,  June  24,  1900.  Thrce-etory  reinforced  concrete  building 
used  for  drying  glue,  "'ttire  glass''  windows  on  two  upper  floors  against  one- 
Htury  franie  boiler  bouse  and  bcpilm'  extracting  buildiug  adjdning.    The  "wire 
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•  melted  lu  Home  citaes  uoil  cvi-rything  combiistibU'  in  huildine  wn^ 
la^tOftd  bat  building  itactf  not  BeriouBly  duni(iK0<1.  The  adjoining  building 
ipeoed  into  tbo  concrvle  building  un  first  floor  without  t^uUiiff,  and  it  ia  prob- 
ihl«  thkt  "wire  kUub"  woa  BUbj(.-r(«d  to  heat  from  holh  side^. 

ICay,  Stern  &  Co.,  St  I^ouis,  Ho.,  January,  1910.  M.  Kfthn  Glass  Co. 
JuildtDK.  Arrow  the  alley,  about  15  foel  wide,  was  the  house  funiishing  wwe- 
KMHO  of  Mnv,  Stem  4c  Co.  The  Kahn  building  waa  entirely  dpatroyoil,  with 
.rwlirallv  iJ..  .V.^tu^f  U;  lli.-  Sl.r.i  Kuil.iiiin.  wliit-h  litler  w.'is  pioletled  on  the 
lDV«.i.  -.  ■,■!■.■  Mid  l.id.K  M„v,..-l„l  r<.st. 


Buder  Brothers,  Jersej  City,  August  17,  1910.  Block  across  street  con- 
■tnif  at  baking  pciwdrr  factory,  chemienl  works,  work  factory,  etc.,  practically 
totul  kwa,  Fig.  H2.  The  exposed  wiaduwson  Butler  Brothers'  large  fireproof 
atvhoufic  wpr«  r(|iupped  with  "wire  gliuw,"  which  remained  intact  and  pre- 
FAt«dfir«frometit«rtnK,  Somoof  thowindowa  wereopen,  but  thefuisble.links 
rteawd  and  Lho  windows  closed  auiomaticnUy.  The  four-story  brick  build- 
ic:  adJuiniDg  Bullcr  Brother*,  also  across  street  from  fire  and  occupied  by  the 
iMgad  Sark  Co..  wus  not  protwtod  by  "wire  glaaa'"  windows,  AH  of  the  win- 
mra  burned  oiil.  Thia  building  wrh  equipped  with  ttprinklers,  and  a  large 
umbcT  nf  tbe  uprinkiers  near  the  wiudows  opened  and  prevented  the  destruc' 
i<M)  ei  tbr  building,  but  a  serious  loss  to  contents  resulted, 

SMadM  *  Rue«koldt  Haaufacturing  Co.,  St.  Louis,  Mo.,  Decembe^  1910. 
Nro  Umm  alory  facUiry  Imildiiigs,  subjetled  on  one  side  (o  very  severe  expos- 
m  Src  ftoni  brge  lumlMT  yard  and  shods  10  feet  nnd  more  distant.  Fig.  143. 
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tifp.  Arroiui  the  li|[ht  court  wom  another  nrcproof  building  having  oxpo8cd  win- 
ilnwK  from  12  U>  '25  feet  dietunt,  protoctnt  by  "wire  kIiimh"  windows.  Thcac 
uindowa  were  subjected  to  intense  heat,  but  in  all  eases  remained  intact  except 
an  one  floor  where  holes  were  punched  through  by  the  firemen  to  enable  them 
to  pUy  hoae  slreamB  in  the  burning  buililing,  Fig.  144.  The  irun  shutten  on 
the  bunied  building  were  budly  wrecked,  and  also  iron  shutters  on  exposed 
buildiiiK  to  the  north  and  wmt  were  badly  warped  out  of  xhapc.  There  was 
"wira  gUsi"  in  the  elevator  shafts  and  in  ihfkalamein  doors  to  same.  On 
mceaunt  qf  the  kalamein  eonHlruction  and  the  stoiui  ]>ulhni;  away  the  "wire 
gUas"  fdl  out,  but  where  the  frames  held  proiwrly,  the  "wire  Rlase"  remained 
intact.  On  the  sido  of  elevator  well  were  large  lights  about  32x44  feet, 
wdl  set  in  metal  frajnea.    Thew  all  remained  intact. 


FIRE  PAILS 

A  pul  of  water  or  »aiul  is  the  simplest,  and,  if  used  promptly, 
the  most  efficient  fire  extinguishing  de\'iee.  Its  use  in  understood  hy 
eveiy  one,  and  because  of  this  fact,  as  well  as  the  inexpeitiiiveiiess  of 
tlw  equipment,  it  is  apprpeiute<l  by  the 
■lajorit}'  of  property  owners  and  the  instir- 
uwe  peoplit  and  i»,  thereftire,  the  most  frc- 
queotlj'  found  provision  for  fire  protection. 
Hieir  usefulness  depends  uptHi  their  lieiiiK 
inatuitly  available,  and  to  injure  this  they 

1  be  refilled  weekl,\'  and  regularly  in- 

id.     Tlie  pails  themselves  should   Im; 
B  and  should  be   placed  at  fre- 
qtunt  intervals  in  conspicuous  places. 

Experience  and  common  sense  have 
combined  in  formulating  standard  require- 
ments for  fire  pails  and,  when  these  are 
caielully  carried  out,  insurance  companie.s 
•Qow  the  insured  a  liberal  reduction  in  their 
ntes.    To  secure  such  red\iction,  howe\i'r,  %Ed^on'B™kct'"'* 

all  parts  of  the  premises  used  for  business 

purposes  must  be  equipped,  including  basements  anil  attics,  and 
e\'er>'  floor  or  part  of  a  floor,  such  as  balconies  arid  meitza nines.  In 
order  that  any  tenant  of  a  non-fireproof  building  may  receive  this 
idlowantv.  ull  the  tenants  in  the  builiiing  must  Ik-  i)n>vi(led  with  fire 
pails,  while  in  a  fireproof  building  each  fl(«tr  or,  if  the  floor  is  divided 
by  fireproof  partitions,  each  section  of  the  floor  is  considen-d  sepa- 
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rately,  and  only  the  tenants  of  that  division  need  be  equipped  with 
fire  pails  for  any  one  of  them  to  secure  the  allowance. 

Specificatioiis.    The  pail  itself,  Fig.  145,  should  have  a  capacity 

of  from  10  to  12  gallons; 
should  be  of  galvanized  iron 
— never  of  wood;  and 
should  preferably  have  a 
round  bottom  so  that  em- 
ployes can  not  use  it  for 
ordinary-  purposes  and  thus 
have  it  out  of  place  in  an 
emergency.  It  should  be 
painted  red  and  marked  in 
black  letters  at  least  i\ 
inches  high: 

Fi«.  146      Fire  Pail*  l^cat«'<i  oii  Shelf  FIRE    OF    FOR    FIRE   ONLY 

Distribution  and  Location.  A  floor  space  of  1 ,000  square  feet 
requires  for  its  proper  protection  two  pails,  and  for  each  additional 
500  squart*  fet*t  or  fraction  thereof  one  more  pail  should  be  proxided. 

The   number   of   pails  re- 
quired  should    be  divided 
into  groups  of  from  two  i^ 
six    pails   each    and   these 
groups  carefully  located  so 
as  to  be  nearest  the  vulne^ 
able  points,  especially  dan- 
gerous  places    being   pro- 
vided    with     extra    pails. 
These  pails  should  be  placed 
so  that  thev   will  be  con- 
stantly  in  sight  and  they 
should  never  be  covered  by 
stock  or  rubbish  nor  should 
the  access  to  them  ever   be   obstructed   bv  machinerv,  stock,  ^^ 
accumulations  of  packing  waste,  etc.    They  are  best  located  ne^' 
elevators,  exits,  stairways,  etc.,  and  the  separate  groups  should  l^ 
staggered  or  criss-crossed  over  an  area. 


FiK.  147.     Fire  Pails  on  Floor  Stand 


240 


PRIVATE  FIRE  PROTECTION 


231 


The  paila  should  be  placed  on  brackets,  shelves,  or  benches 
especially  provided  for  the  purpose.  Figs.  145,  146,  and  147,  that  the 
top  of  the  pail  will  not  be  more  than  5  feet  nor  the 
bottom  of  the  pail  less  than  2  feet  from  the  floor.  ,    , 

Insurance  companies  do  not  approve  of  equip- 
ments in  which  the  pails  are  set  on  work  tables, 
benches,  window  sills,  stock  shelves,  or  in  any 
other  place  not  originally  intended  for  that  pur- 
pose. 

FUUng  and  Maintaining  Pails.  Each  pail 
should  be  refilled  once  a  week  with  clean  water, 
and  may  or  may  not  be  provided  with  a  cover 
to  prevent  accumulations  of  dust  and  dirt  on  the 
top.  ^\'herever  fires  from  oils  and  paints  and 
other  inflammable  liquids  are  apt  to  occur,  a  half 
<rf  the  required  number  of  pails  should  be  kept 
about  two-thirds  full  of  clean,  dry  sand  and 
should  be  provided  with  a  scoop  for  throwing  it. 
(If  sand  pails  are  kept  full,  they  will  be  too  heavy  to  be  easily  and 
quickly  handled.)  Sand  smothers  gasoline  or  other  oil  fires, 
whereas  water  simply  floats  the  burning  liquid 
about. 

The  care  of  fire  paiU  should  be  given  to  some 
competent  person — such  as  the  foreman,  janitor, 
or  en^eer — who  should  be  held  responsible  for 
th^  condition. 

Substitutes.  .Chemical  extinguishers,  bucket 
tanks,  or  casks  may  replace  a  part  of  the  pails  on 
any  floor  although  half  of  the  pails  must  remain. 
One  three-gallon  approved  chemical  extinguisher 
is  considered  the  equivalent  of  six  pails,  or  of  one 
cask  and  three  pails.  Patent  bucket  tanks  con- 
tain six  budgets  stadied  within  each  other  and 
hmoersed  in  a  chemical,  as  shown  in  Figs.  148 
and  149.  Hiese  are  so  arranged  that  when  the 
cover  is  removed  from  the  tank,  the  bale  of  the 
firat  pail  springs  up;  as  this  is  removed  the  bale 
of  the  next  lower  one  comes  up;  and  so  on.    One 
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of  these  tiiiiks  iiiiiy  rt'plaiT  six  pails  provided  the  tank  is  inqwcted 
weekly  tti  sec  that  the  pails  can  be  be  readily  withdrawn. 

(^usks  i>r  water  will  Ik-  ii»-epte(l  as  the  equivalent  of  s.x  pails, 
pnivi<leil  the  cask  niwts  the  following  rwiuiiements: 

Th<<  nu'k  li.  Ih-  fif  »uk.  iwnlcd  rrd,  «-iih  FIRE  or  FOR  FIRE  ONLY  in 
hUi-k  tHti-n  ti  in>-h<-s  hiKh  or  inon-.  iIh  raiiarity  to  be  at  least  50  galloDs;  the 
rniik  tiilM-iir>miliilivitli»<'t>v<>rhiivinKnhan<lli';  And  to  be  always  accompanied 
by  Ihm-  etatiilunl  lire  pniU  on  a  aheV  or  uii  huuka  orar  by,  Hg.  150. 

Freezing.  If  fin-  jxiils  are  IcK-ated  where  they  are  apt  to  be 
fro7A-ii  in  winter,  two  [Miunib  of  chloride  of  calcium  or  of  common  salt 


F  Rami  uid  Paila 


sliouM  III'  thi>r<in;;hly  ilisM>lve<l  in 
A  cask  n-cjnin's  .111  pounds  <if  ilic  i' 


ich  pail  to  keep  it  free  from  ice. 
imdc  of  calcium,  or  salt. 


CHE.V^ICAL  EXTINGUISHERS 

Few  SatisfacIor>  Types.  (Jnirk  to  take  advantage  of  the  uni- 
ver>iil  tVari'l'  lirf.  utitiutiui-.  iiiiUiniiictunTs  have  put  upon  the  market 
viiridiH  fiTiii-i  I'l"  xM-allnl  ciuinicjil  fire  extinguishers  purported  to 
have  niiirvcliiii-i  extiiijrnUliiiijr  pniperties.  When  tested  at  the  Under^ 
writer^"  l,ai">raiiirie>.  Ihuvimt,  tliese  chemical  solutions  or  powders, 
with  lull  iwii  eMipliiiii-.,  lijive  pniveii  to  Ix-  of  no  practical  value. 
TlicM'  ixi-ciiticiii-  an'  tlii'  larlimiic  nciii  pis  extinguisher  and  the 
"I'yreiie"  extiiitinishcr,  Imth  liquids.    All  forms  of  drj-  powder  extio- 
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guisbers  are,  because  of  their  physical  properties,  evidently  inferior. 

Their  installation  is  not  recommended,  as  attempts  to  extinguish  fires 

with  them  cause  delay  in  using  water  or  some  other  more  effident 

agent.     For   fighting    fires   where 

water  would  do   damage,   a  satis- 

factoij'    mixture  may  be  made  of 

bi-carbonate  of  soda  and  iron  ore, 

commonly  known  as  red  or  yellow 

ochre,  m    the    proportion  of   one         libci  for  ono  ouut  E.iiagubiicr 

pound  of  ochre  thoroughly  mixed 

with  nine  pounds  of  soda.    Such  powder  ^ould  be  kept  dry  in 

covered  metal  cans. 

Inspectors  from  the  Underwriters'  Laboratories  examine  approved 
tjTies  of  extinguishers  at  the  factories  where  they  are  made.  Those 
extinguishers  which  satisfactorily  meet  the  requirements  may  bear 


the  proper  rnderwriters'  Laboratories   Label,   Figs.  151,  152,  and 
153. 

Carbonic  Acid  Qas  Extinguishers.  The  form  of  chemical  fire 
extbguisher  in  most  general  use  at  present  is  the  carbonic  acid  gas 
variety,  there  being  more  than  twenty  firms  manufacturing  such 
extinguishers  whose  producta  are  approved  by  the  National  Board 
™   Fire  Underwriters.    These  extinguishers,  although  eflfective  on 


Fit.  153.     Undri 


r*^*  where  water  would  be  effective,  are  of  no  special  \-alue  in  sulxlu- 
^^  fiws  among  oils  or  other  volatile  hquids,  nor  are  they  safe  for  use 
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on  plet-tric  nrcs  ur  rnac-hiiipry  carr^'iiig  high  voltsfces  because  of  the 
wniduftivity  of  the  water. 

VonMrutium  and  Method  of  Operation.  This  tj"pe  of  extinguiaher 
coii!UstH  mainly  of  a  nil>)>er  hose,  F^g.  154,  attached  to  a  closed  metal 
tank  which  is  partly  filled 
with  a  solution  of  bi-car- 
bonate  of  soda.  Held  up- 
right in  a  cage  built  in  the 
top  of  the  tank  is  a  bottle 
which  is  closed  by  a  loose 
fitting  lead  stopper,  and 
which  contains  sulphuric 
acid.  To  operate  the  extin- 
^isher,  the  tank  is  turned 
Itottom  upwards  and  in  this 
{xtsitioii  the  loose  stopper 
<ln)ps  out  against  the  top  of 
the  cage  and  allows  the  sul- 
phuric acid  to  escape  grad- 
ually. The  acid  mixes  with 
the  .s4Nla  solution  and  the 
resulting  chemical  action 
generates  carbonic  gas, 
which  in  turn  produces  great 
pressure  and  forces  the 
charged  water  out  through 
the  hose.  Since  carbonic 
acid  gas  itself  is  not  a  sup- 
■  porter  of  combustion,  it 
adds  to  the  extinguishing 
value  of  the  water,  as  do 
uls«i  the  sodium  salts  which 
Tn  iM  S'i-iin,i  ..i  H»b....'k  ti»nri  i:xiji.iiiii;<brr  the  watcr  holds  in  solution. 
As  chemical  nre  extm- 
^aiishcrs  arc  nmst  often  UM-d  by  inexperienced  persons,  it  is  of 
utmost  iniportaTicc  tlmt  their  operation  be  simple,  such  as  turning 
thcni  npsidc  dnwii ;  that  thc\-  !«■  entirely  safe,  i.e.,  that  everj-  part  be 
sufficient^-  stnmg  to  withstand  the  pressure  generated  with  a  large 
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kiC.  156.     Lmtgt  Captdty  Chemical  Eitiocuuhcr  on  Wheeti  witb  Hoh  Ca«« 


Kf.  ISS.     Lbtis  Cspacily  Ctwmird  Eitincuistier  od  Wbecb 
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margin  of  safety;  that  they  be  protected  against  the  weakeniog 
effects  of  corrosion;  and  that  the  acid  be  fed  evenly  and  sknrl,v  » 
that  sudden  excessive  pressures  will  not  be  produced. 

These  carbonic  add  gas  extinguishers  are  built  in  several  aiei 
The  largest  size  is  mounted  on  wheels  and  is  deigned  as  a  diemieii 
engine  for  fire  department  use.  Smaller  wa, 
Figs,  loo  and  156,  mounted  on  wheebarefwpii- 
vate  use  on  the  o\nier's  propertj-,  Th»e  is  alao  i 
stationary  type,  Fig,  157,  and  the  small  per 
tabic  hand  extinguisher. 

I  ndericrHers'  Requirements.  The  Xatioiia] 
Board  of  Fire  Inder^iiters  issue  an  outline  d 
spe<nfications  for  the  construction  and  installation 
of  chemical  fire  extinguishers  for  other  than  fiie 
department  use.  Extinguishers  fulfilling  onlr 
their  requirements  may  yet  have  features  making 
them  unsatisfactor7>',  while  other  extinguisben 
departing  in  sump  details  from  these  require- 
ments may  prove  satisfactory-.  The  Undennitm' 
laboratories  give  the  ultimate  derision  in  any 
case. 

Below  are  given  the  requirements  for  the  Hand 
Cliemical  Extinguisheis  which  is  the  variety  most 
extensively  iiscil. 


Fi*.  IM 


CARBONIC  ACID  QAS  HAND  FIRB  BXTINaUISHERS  E=OR 
OTHER  THAN  FIRB  DBPARTMBNT  USB 

(IXCapacitj. 

Not  IcM  than  3  Kullonii  nor  more  th^ui  3  gallons  4  ounces  to  lower  edgeof 
collar,  and  not  less  than  2\  gallons  nor  more  than  2)  gallons  4  ouncesto  the 
Ailing  inclicaiur, 
(2J  Shell. 

<nl  Cylinder  not  Iphs  ihnn  No.  18  B.  &  S.  gauge,  h&rd  copper,  domeUMl 
bottom  to  shnv;  ul  leo^t  No.  IT  It.  &  S.  gauge  in  all  parts  aft«r  Bpitining. 

(b;  Shell*  to  be  enfca^ciiiiiMt  distortion  or  Strain  with  350  pounds  hjdio- 
static  pres:<ure  held  for  one  niinule.  Each  shell  t-o  be  so  tested  and  so  mtittd 
before  fliipment. 

(c)  Openings  for  cast  fittings  to  6t  close  and  inside  of  shell  to  &t  ckwelo 
flanges  of  Rtiings. 

id)  Shell  I"  have  stiffening  ring  al  lower  edge. 


bella  1 


•t  ba  eouaidend  ule,' 


It  10  per  e 


il  or  buTM  at  SO  per  ant  iliiin  tS 
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(e)   Filfing  indicator  to  be  of  metal. 

(/)    If  used,  riveted  and  beaded  seams  to  be  thoroughly  sweated,  and  rivet 
ioles  to  be  accurately  punched  to  meet  and  avoid  buckling  of  sheet.    Both  laps 
f  beaded  seams  to  fit  each  other  and  be  proportioned  to  be  sprung  together 
^ore  soldering. 
1}  Collar. 

(a)  Inside  diameter  not  less  than  2}  inches  in  clear. 

(&)  To  have  sufficient  height  to  prevent  cap  reaching  dome  with  gasket 
amoved. 
0  Cap. 

(o)  Must  screw  to  collar — threads  to  be  protectt'd  against  exposure  to 
intents  of  extinguisher. 

(&)  A  gasket  not  less  than  tV  ii^cb  thick  nor  less  than  A  ii^^b  wide  to  be 
sed  at  the  joint  and  to  fit  recess  snugly. 

(c)  To  have  four  or  five  threads  holding. 

(d)  To  be  of  hard  red  brass*  and  have  ample  metal  back  of  gasket  recess: 

(e)  To  have  ring  form  of  handle  about  6  inches  in  diameter,  f 
S)  Outlet 

(a)  Outlet  casting  to  have  not  less  than  }-inch  internal  diameter  at  any 
mni  and  not  less  than  A'inch  wall. 

(6)  Hose  connection  to  outlet  casting  to  be  so  designed  that  hose  can  be 
ietached  and  replaced  without  liability  of  injury  to  hose  or  obstruction  of 
tream. 

(c)  To  be  located  midway  between  center  of  top  handle  and  center  of 
abels.  Distance  between  ring  casting  and  outer  surface  of  outlet  casting  to 
)e  not  more  than  one  inch. 

(d)  Outlet  to  be  screened  with  brass  netting  or  perforated  plate,  heavily 
X)ated. 

fi)  Coating. 

(a)  Shell,  collar,  cap,  outlet,  and  hose  coupling,  except  threaded  sur- 
aces,  to  be  heavily,  evenly,  and  completely  coated  on  inside  at  factory  with 
illoy  of  tin  and  lead. 

(6)  Joints  and  rivets,  if  any,  to  be  covered  to  form  a  smooth  interior 
lurface. 
7)  Handles. 

(a)  Ring  form  of  handle  to  be  used  on  cap.     See  4  e, 

(6)  Bottom  handle  to  allow  not  less  than  Ij  inches  free  clearance  for 
and,  and  side  handle  not  less  than  3}  inches  free  clearance  in  width. 

(c)  Bottom  handle  to  be  parallel  with  top  handle,  not  to  rely  entirely 
n  solder  as  a  fastening,  and  to  be  rigid,  not  hinged. 

(jd)  Top  handle  to  be  diametrically  opposite  direction  plates,  securely 
veted  and  soldered  to  shell,  not  extending  through  it.  It  should  preferably 
e  cast,  formed  to  fit  the  contour  of  the  shell  where  it  is  riveted,  and  strong 
Qough  to  allow  a  lever  to  be  used  between  it  and  the  ring  on  the  cap  in  case 
le  cap  is  tightly  stuck. 


•A  comp<>sition  of  about  83  per  cent  copper,'?  per  cent  tin,  7  p>cr  cent  line,  and  3  per 
mt  lead  ia  desirable. 

fCaatings  to  allow^one  inch  clearance  between  upper  surface  of  cap  and  lower  surface 
f  ring,  and  to  have  the  finished  cap  when  coated,  but  without  cage  attached,  weigh  about 
ro  pounds. 
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{•)  Cue. 

(II)  I'll  Hujipori  liiiillc  iti  hoiiom  and  be  aiTAnged  to  allow  ready  ranovd 
and  r(>|>laocm(-nt  of  Iwiik-  without  ilangrr  of  droptiinK  botlle  or  spilling  acid. 

(b)  Nut  tc>n<lyuuM)ldrr  entirely  fur  raHt«ningparts.  All  jcKntttandoonnec- 
tiiinHtnbf  nu-chanically  wi-uro  wilboutaolderandthon  BoldtTcd  for  protection 
iiltninnt  corruHiiin  uiiil  Ihc  wtiulroaKi>hfa\'ilyroaI«d  with  alloy  of  lead  and  tin. 

(c)  To  have  iiii  oharii  ntnicni  or  iirujprlionti  whirh  pan  mar  the  coliir 
nutinji  as  tho  t-ap-  piiUMV  thnmiih. 

(i/)  1'i>  lit  iKitlk-  luom'ly  and  hold  buttle  in  place  when  inverted, 
(e)  Caiceit  de|iending  on  movable  partn  in  discharging  extinguidicn  and 
i'ii)[i-s  MupiKirtiiiK  iMittle  by  neck  not  apjirovixl. 
(91  Bottle. 

(a)  Acid  line  to  be  blown  in  or  etched  on  |^ 
and  acrurately  placed.'  'Giound  lines  deeply  cut  inm— 
liutiilily  ut  breakage. 

(h}  iS|HTifiratione  to  be  submitted  Utn  toioart 
here,  covering  bottle  best  adapted  for  interchaiigv 
bility.) 

(10)  HoM. 
(n)  To  be  of  approved  make  of  three-ply  ttiblMr 

e3])able  of  withManding  a  hydrostatic  preeaure  of  400 
|H)unila  lo  the  w)uare  inch  held  for  five  minutes. 

[h\  To  l>e  so  ntlAched  to  outlet  that  coupling  «ill 
nilhutuTid  a  hydrostatic  prcsHurc  of  350  pounds  to  the 
equare  inch  held  for  one  minute. 

(fl  To  lie  attached  to  hang  vertically  aitd  sotbt 
it  run  be  it-adilv  removed  and  replaced  when  tieeamuy- 
(«.•«>  5  h.) 

l-l)  To  l.e  of  such  It-nnth  that  Mth  how  hsnpnd 
vi'riically.  lip  of  uozile  will  jiini  clear  any  plane  gurfsw 
on  which  I'xti 1 1)11  libber  is  placfil. 

(11)  Nozzle. 


To  he 


hv 

(I.)   To  be  ciwi 
iiihi-r  imperfection!'; 

liiprmlLinardtliciJ 
l.--.-th:m  JiiiHi  nor 


iiiilcrial   which  will   not   be  aflecitd 

it  frw-    fnim   blow  holes,  checki,  "J* 

;  interior  to  be  ftnisbed  omooth  si><' 

Diitcharge  opening  to  be  n"* 

than  A  inch  diameter,  prefers^ 


r.f  ;tj.- 


-id  r 


siilr>liurii 

(13 1  Marking. 

,„)   Dir.T.ions 

Kilh'oflh.'Shvll.li:!! 


bly  drillM  .-iniiiihi    for  iilniut  A  inch  back  from  orifi*^ 

and  clviiiiferiKl. 
J    UZ)  Cbemital  Charge. 

HI'  Sulphuric  ueid  und  bicarbonate  of  Boda  to   *^ 

in  siic-h  i>roinirliiiiis  that  a  pnsBure  can  not  be  obtalia.^^ 
miidx  with  H"i:i  w-luiion  ut  V2(fV.  Stream  shall  not  sh*^* 
to   1  i   pounds  iHcarbiimtte  of  t>oda  and  31  to  4  fluid  ouD^^^ 


LI  \ic  plainly  und  [tennanently  fixed  on  C  ^ 
•ite  the  top  handle  (Sec  7d),  and  so  as  c*^ 
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(>  be  back  of  hose."  UIIitm  t«  br  not  kiw  1  hnn  J  inch  in  liciglK  und  of  a  diftor- 
111  color  than  borkKrounil. 

ibj   Dim^ionn  (or  Tccliuriciug  to  be  jiljunly  uikI  iMTniiiiiintly  fixiii  im  (he 
iAv  iif  thr  "hrll  din-ctly  iiinlcr  the  din'ctions  for  o|ipratii)R.    These  luusi  state 


hfti  thp  pxtinpli^hprw,  if  not  iwpd  for  a  fire,  miint  he  tliwIiarKixl  and  rcchorKC^) 
it  It-ast  on«  a  year  anil  record  of  name  ke|il  im  card*  uttiiclicd  to  niacliiw. 
they  niUHt  a.hnt  »tMo  Iliut  whiiiever  \\w,  cxtiuKiiitihtT  i»  diNcharKcd  it  must  be 
■nlirely  emtilii-d  and  thoruuKhly  cicani-d  before  rolillinKi  and  lliul  the  extin- 
eui^hcr  miLsi  Im'  iiroti-ctod  fn>m  frost. 

(r)    N'utne  anil  atl<lr(<ss  of  nianufacttirer  and  trade  name  iif  macliine  muxt. 
ttc  permanently  marked  on  each  exiinxuishiT. 
InGeoerftl. 

KxiinicuiMher  to  l>c  eiinsi  ructcil  and  finiriheil  in  a  i  lioroiifthly  wiirknianlike 
manner;  lo  have  as  few  purtx  as  j>os!<ilil(-;  tii  he  free  fniin  niiivJnK  piirtH  :>nbj<-ct. 
ti'i  romnqim;  and  not  to  be  equipjied  with  shut-off  valvi>K. 

Kxtimcuihhcrii  applying  (he  add  slowly  are  preferred.  I'lider  (he  ninjnr- 
'ty  of  fire  ei>n<litiond  best  resultii  will  be  obtaineil  wilh  fi-eil  proportioned  to 
*^ach  maximum  premure  in  about  '25  to  35  aeconiiif  and  not  to  exhaust  liriuid 
"  stream  under  30  to  65  seconds — solution  being  at  ordinary  tem|>era(ure. 

"Pyrene"  Extinguishers.  The  oiiI\-  othor  t\-pe  of  clicmical 
^'inpiisher  approved  for  use  by  tlu-  rndcnvritcrs'  Laboratorii-s 
*rie  "IVrene."  This  extinguisher  consists  of  a  (jiiiirt  of  iMitcnteil 
-^■nguishing  fluid  contained  in  a  ilouhlc  itctin^  niutal  syrin^-,  V'lg. 
■S.  To  operate,  the  handle  is  given  a  cinarter  turn  to  tlic  left  iind 
^H  n-orked  back  and  forth  to  eject  the  flni<!.  The  amtciits  of  these 
*i»iguisheri  is  a  liquid  composed  oliiefly  »if  mrhon  Uirurhhriilf. 

1  uppiT  handle  by  brana  wirr  "r  riiin  iir  si-l 
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lliis  (im-s  iHrt  fnt-zc  iiUivc  — ."»I)°F.  uiul  it  remains  a  fluid  up  to 
iildrtit  LllD'F.  at  wliicli  |M»int  it  turns  iiitfi  ii  heavy  gas  or  vapor 
hiaiiki't  whifh  nivt-rs  and  sniolIiiTs  tin-  fin-. 

■■pyn-iM'"  cxtintniisluTs  hiivc  Ih-cu  found  valuable  in  extinguish- 
ing ini'ijm'nt  tin's  wlu-n'  water  or  solutions  rontaininf;  lar^^e  per- 
it'ntup's  of  wntcT  an-  not  cffwlivf,  as  in  V'lR.  159.  It  is  also  valu- 
ahlc  in  cxtinKuisliiii):  fin-s  in  volatile  liquids,  calcium  carbide,  and 
in  all  |»la<-es  where  tlie  rus  from  the  tluiti  can  be  eonfinnl  about  the 


JiK    1""       llL.i.fT...I-  i:i-i,L,     \„    11,1.1^   l,.rM,uu.-t|..ll.,   ilirl^-  1.1  l'>nn.-  i:ilin,ui^litf 

firt.'.    Funlnniioff,  it  !■*  itTiflive  in  cNtinf^uisliing  elcetrie  ares  with- 

imt  diiiicrr  ii>  tl iM-rator.  Fi.t:  Hii'. 

"I'\n'iii"  i-  rmi  |)iii-siiiiiin>  and  it  Joi's  uot  damage  articles  on 
wliiiji  it  i;  tliruwii  a^  dues  water. 


1»K1\  \TI=  PIkl-   ALARMS 

IViviili-  firr  alann-.  iire  nit  iliiinical  and  telegraphie  deviws  for 
di'ici-tini:,  nr  fur  fiivin-r,  tin- alarm  of  Hre.  They  are  of  two  general 
i-lasse>,  manual  and  iiiitonialii'. 

Manual  I-irc  Alarm.  Tlie  manual  fire  alarm,  as  its  name  indi- 
cati-i,  i:>  ci|«Tatril  \i\  liaiid.  It  ii)]isists  onhnarily  of  a  number  of 
sipjal  hiixrs  Miitalily  placiil  alKHit  thebnitdin^  or  plant,  the  signals 
beiri>;  operatetl  by  turniiii:  a  <-rank  or  jmllinf;  a  htKik.  Each  signal 
liux  contains  a  Iran-niilter,  tlw  wheel  of  which  is  pntvided  with 


Tin:  w::'.v  YORK 
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suitaUy  arranged  teeth;  when  the  wheel  is  turned  it  closes  an  electric 
ciicuit,  which  transmits  an  alarm  at  the  central  station. 

Antomatlc  Fire  Alarm.  The  automatic  fire  alarm  consists  of  the 
adhmry  fire  alarm  telegraph  apparatus  which  is  set  in  operation  by 
a  fife  detector,  called  a  thermostat,  a  name  first  applied  by  Dr.  Ure 
to  an  instrument  patented  by  him  in  1831.  The  thermostat  is  a 
device  for  closing  or  opening  an  electric  circuit  whelT  the  surround- 
ing air  reaches  a  certain  temperature.  The  operation  of  this  mechan- 
ian  is  brought  about  in  various  ways  such  as  by  the  expansion  of 
mercury  in  a  thermometer  tube;  the  unequal  expansion  of  the  metal 
in  a  springi  which  consists  of  two  thin  strips  of  dissimilar  metal;  the 
straightening  of  a  metal  tube  by  the  expansion  of  ether;  and  the  sag- 
ging of  a  long  wire  suspended  between  horizontal  supports.  ^lany 
thermostats  designed  to  operate  on  a  closed  circuit  have  their  con- 
nection broken  by  a  solder  release.  Most  thermostats  are  set  to 
operate  at  14(r  to  16(f  F. 

The  thermostats  which  are  approved  by  the  National  Board  of 
Fire  Underwriters  at  the  present  time  are,  in  general,  small  copper 
tubes  filled  with  air.  These  tubes  which  are  installed  along  ceilings 
cr  jMpings  are  connected  with  contact  closing  and  special  test  devices. 
When  a  fire  or  a  dangerously  high  temperature  heats  the  air  in  the  tube 
to  a  oertiun  fixed  degree,  the  air  expands  sufficiently  to  actuate  a  dia- 
phragm whidi  closes  an  electric  circuit,  thus  transmitting  the  alarm. 

Board  of  Underwriters'  Rules.  The  following  are  the  rules 
and  requirements  of  the  National  Board  of  Fire  Underwriters  for  the 
oonstruction  and  installation  of  signaling  systems  including  ^lanual 
Fire  Alarm  Systems,  Automatic  Alarm  Systems  and  Thermostats, 
Automatic  Journal  Alarms,  and  Automatic  Sprinkler  Alarms,  used 
for  the  transmission  of  signals  affecting  the  fire  hazard. 

Especial  importance  is  placed  upon  the  methods  employed  in 
testing,  inspecting,  and  maintaining  signaling  systems.  Not  one 
of  these  systems  is  sufficiently  automatic  to  do  away  with  the  neces- 
sity for  periodical  inspections  and  working  tests  of  all  of  their  })arts. 
Such  systems  must  be  under  the  superWsion  of  a  responsible  person, 
satisfactory  to  the  municipal  authorities  and  the  Inspection  Depart- 
ment having  jurisdiction,  who  shall  cause  proper  tests  and  inspec- 
tions to  be  made  at  frequent  intervals  and  have  general  charge  of  all 
alterations  and  additions.     Records  of  such  tests  and  inspections 
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should  be  kept  accessible  to  the  Inspection  Department  and  oth»s 
interested. 

CLASS  A— WIRING  FOR  ALL  SYSTEMS 

NoTs:  For  other  rules  governing  wiring  for  signaling  systems  which  are  hasardoos  only 
because  of  their  liability  to  become  crossed  with  electric  light,  heat  or  power  circuits,  refoeaoe 
should  be  made  to  Rule  No.  64.  Signaling  Systems,  of  the  "National  Ellectrio  Code." 

(1)  Underground  Wires.  To  secure  the  largest  measure  of  safety  and 
efficiency  in  the  operation  of  signaling  systems  all  wires  outside  of  buildings 
should  be  placed  underground. 

(2)  Aerial  Wires.  Where  from  the  nature  of  the  case  it  is  impracticable 
to  place  wires  underground,  the  following  rules  must  be  observed: 

(a)  Must  be  equipped  at  points  where  they  enter  buildings  with  approved 
hea\'y  current  protectors. 

(6)  Must  be  equivalent  in  conduct i\nty  and  tensile  strength  to  No.  14 
galvanized  iron  (12  B.  &  S.)  where  single  wires  are  used,  and  to  No.  16  B.  &S. 
hard  drawn  copper  where  cables  are  used. 

(c)  Must  have  an  approved  insulating  covering. 

Note:  Line  wires  must  have  a  good  weatherproof  covering,  consisting  of  a  thoroofhly 
saturated^and  fiUed.braidod  covcrins  at  lesLHi  ^  inch  in  thickness.  Wires  in  cables  to  have  uxne 
covering  as  single  wires  and  in  addition  a  substantial  filled  covering  around  the  several  wiiM 
Service  wires  to  building  and  boxes  must  have  an  approved  rubber  covering.  See  list  of  EtM- 
trical  Fittings. 

(d)  Must,  when  strung  on  poles,  be  supported  at  least  every  150  feet, 
and  as  far  as  possible,  run  under  rather  than  over  electric  light  or  power  wires. 

Where  wires  are  attached  to  the  outside  walls  of  buildings,  they  muft 
have  an  approved  rubber  insulating  covering. 

(3)  Wires  Inside  Building,  (a)  Must  be  equivalent  in  conductivityi 
and  tensile  strength  to  No.  10  H.  &  S.  copper  wire  where  single  wires  are  used, 
and  to  No.  18  B.  &  S.  copper  wire  whore  cables  are  used. 

Note:  For  the  wiring  in  Central  Stations — Section  **c"  and  "f"  may  be  modified  •• 
circumstances  demand. 

(6)   Must  have  approved  insulating  covering. 

Note:  In  permanently  damp  places  or  where    run  in  conduit  a  rubber  insulatiof^  ^ 
least  ,\  of  an  inch  in  ihicknesa,  con.structed  in  accordance  with  the  National  Electrical  C***"^ 
Standard,  and  covered  with  a  substantial  braid  will  be  required.    For  open  work  in  dry  pl*f*^ 
a  filled  braided  ooverinK  at  least  ^  inch  in  thickness  will  be  required.    For  moulding  and  tul>*^j 
a  rubber  or  filled  braided  covering  at  least  ^  inch  in  thickness  will  he  n><iuired.    Samples  O''  *^ 
cables  should  be  submitted  before  being  installed. 

(c)  Unless  enciised  in  approved  tubing  or  thoroughly  filled  mould^^^ 
must,  except  as  hereinafter  provided,  be  run  in  plain  sight  and  entirely  ^**^ 
ported  on  non-combustible  insulators  placed  not  more  than  8  feet  apart,  ^^ 
so  arranged  that  the  insulating  covering  of  the  conductors  will  come  in  cont*^ 
with  no  other  substances  than  the  designed  supports,  the  protecting  bushiP^ 
and  the  correcting  instruments. 

(d)  Must  be  protected  from  abrasion  and  from  accidental  contact  wi^ 

other  conductors. 

Note:  Where  subject  to  severe  mechanical  injury,  substantial  boxing  or  iron  conduit 
must  be  used  on  side  walls,  otherwise  approved  moulding  may  be  used.  Wires  should  be  nm 
over  rather  than  under  pipes,  and  their  coverings  must  be  separated  from  oontaot  with  all  ptpM 
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by  »  solid  insulAting  tubatanoe  creating  a  separation  of  at  least  i  inch.  Special  attention  must 
be  paidjto  tbe  mechanical  eze<mtion  of  the  work.  Careful  and  neat  running,  taping  of  wire,  and 
attaching  and  securing  of  fittings  are  required. 

(e)  Must  be  installed  as  far  as  possible  without  joints.  Where  joints  are 
necessary,  they  must  be  mechanically  and  electrically  secure,  and  covered  with 
an  insulation  equal  to  that  on  the  conductors. 

(/)  Must,  in  bay  constructioui  follow  contour  of  ceiling,  and  not  be 
strung  from  beam  to  beam.  In  joisted  construction,  unless  run  parallel  with 
joists,  must  be  placed  in  moulding  or  have  a  4-inch  wide  wood  backing  strip 
with  knobs  or  cleats  fastened  to  the  bottom  of  this  strip. 

(g)  Must,  where  exposed  to  mechanical  injury,  and  between  batteries, 
transmitters,  testing  apparatus,  annunciators,  belb,  etc.,  be  enclosed  in  box- 
ing, moulding,  or  approved  conduit. 

(h)  Must,  when  passing  through  iron,  brick,  stone,  or  any  damp  parti- 
tion or  through  any  floor,  be  protected  by  approved  bushings. 

Note:  Glass  and  porcelain  are  approved  for  bushing.  Where  from  the  nature  of  the 
case,  it  is  impossible  to  use  glass  or  porcelain,  approved  flexible  tubing  may  be  used.  See  list  of 
Electrical  Fittings. 

CLASS  B— ENERGY  FOR  ALL  SYSTEMS 

(4)  Central  Energy.  The  following  sources  of  energy  are  given  in  their 
order  of  preference: 

(a)  Storage  Batteries,  To  be  in  duplicate  sets,  each  set  capable  of  operat- 
ing the  system  at  full  capacity  for  60  hours,  installation  to  be  in  a  room  pro- 
vided with  suitable  ventilation  and  effectually  separated  from  that  contain- 
ing other  fire  alarm  apparatus. 

Cells  should  be  mounted  on  glass  and  porcelain  supports,  secured  to 
metallic  frames  suitably  protected  from  corrosion,  except  that  when  cells  too 
large  to  be  so  mounted  are  used,  such  cells  may  be  mounted  on  suitable  glass 
insulators. 

At  least  two  reliable  independent  sources  of  charging  current  to  be  pro- 
vided. It  is  preferable  that  the  voltage  of  the  charging  circuit  be  not  over 
250  volts.  Batteries  to  be  protected  by  approved  enclosed  fuses  in  tight  metal 
cabinets  at  the  battery  terminals. 

Nora:  It  is  recommended  that  all  copper  conductors  in  battery  room  be  coated  with 
'"'^^-^pplied  directly  on  the  copper. 

Suitable  provision  to  be  made  on  a  switchboard  fc^  charging  the  batteries, 
^^b  approved  means  of  protecting  them  against  injury  due  to  interruption  of 
^'^^•npng  current,  to  reverse  charging  current,  or  to  excessive  rate  of  charge; 
"*>  provision  for  shifting  the  respective  batteries  from  charging  to  working 
•^d  from  working  to  charging  without  opening  any  of  the  working  circuits 
during  the  process  of  shifting,  and  so  that  charging  current  can  not  be  acci- 
^tally  connected  to  any  of  the  working  lines  during  the  process  of  shifting. 

(6)  Motor  Generators.  A  sufficient  number  of  motor  generators  to  be 
P^vided  to  supply  all  circuits  without  overloading  any  machine,  and  with  a 
'^^^e  capacity  equivalent  to  one-half  of  the  total  capacity  of  the  station. 
Motor  generators  to  be  driven  from  all  available  independent  exterior  sources 
«  energy,  and  also  by  a  special  generating  plant  in  the  headquarters  building, 
^ven  by  some  form  of  prime  mover  constantly  available  for  immediate 
<W)eration. 
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With  cither  battery  or  motor  generator  source  of  energy,  the  Tohafe 
ai)plied  to  maintain  normal  line  current  on  circuits  n^ist  be  such  that  the  Uk 
current  will  not  be  reduced  below  safe  operating  value  by  the  simuhaneou 
action  of  eight  transmitters. 

(5)  Local  Batteries,  (a)  Must  be  located  in  a  place  favorable  to  tbdr 
operation  and  maintenance. 

(6)  Must  be  enclosed  to  prevent  mechanical  injury,  but  be  readily  acoe»- 
sible  for  inspection. 

CLASS  C— CENTRAL  STATIONS 

Systems  operating  through  an  approved  Central  Station  are  r^^arded  as 
superior  to  local  or  private  systems.  Before  acceptance  is  obtained  for  any 
equipment  operating  through  a  Central  Station,  the  Company  must  file  with 
the  Inspection  Department  having  jurisdiction,  a  general  description  of  the 
apparatus  it  proposes  to  install,  together  with  such  detailed  information  and 
drawings  as  are  necessary  to  the  complete  understanding  of  the  operation  of 
the  system.  It  must  also  furnish  such  daily  reports  to  its  customers  and  the 
Inspection  Department  having  jurisdiction,  as  may  be  required. 

Note:  If  the  iDspection  Department  requires  it,  the  operating  Company  ahaH  abo 
furnish: 

Pirat.  Diagrams  showing  the  manner  in  which  it  proposes  to  connect  the  rarious  equip- 
ments  to  its  Central  Station  and  deliver  signals  to  the  patrol  and  city  department. 

Second.  A  satisfactory  guarantee  as  to  its  ability  to  render  this  service  and  as  to  the 
maintenance  and  efficiency  of  its  system. 

(6)  Headquarters,  (a)  Must  be  located  in  a  building  provided  with 
fire  protection,  satisfactory  to  the  Inspection  Department  having  jurisdiction, 
and  be  equipped  with  the  necessary  instruments  of  an  approved  pattern  for 
automatically  receiving  and  recording  all  signals.  The  time  of  the  receipt  of 
signals  must  also  be  recorded,  preferably  by  an  automatic  device. 

(6)  Must  have  at  least  two  competent  men  on  duty  constantly,  and  in 
addition,  maintain  a  runner  service  so  arranged  that  any  building  protected 
can  be  reached  within  15  minutes. 

Note:  All  runner  service  maintained  must  be  sufficient  so  that  the  two  operators  wiD 
always  be  in  attendance,  except  that  only  in  an  extreme  case  one  of  the  oi>eratorB  may  be  used 
as  a  runner.  All  runners  shall  be  of  mature  age,  and  one  such  man  shall  also  be  in  ehaige  of 
the  Central  Station. 

(c)  Must  have  two  independent  means  of  transmitting  alarms  to  the  fire 
department. 

(7)  Devices,  Circuits,  Etc.  (a)  Must  be  designed  and  installed  so  as  to 
successfully  meet  the  most  severe  conditions  obtained  in  practice  and  no  change 
or  alterations  shall  be  made  in  same  without  approval. 

(b)  Must  be  arranged  so  that  interierence  of  signab  will  be  impossible 
under  any  conditions  likely  to  be  met  in  practice. 

(c)  Must  automatically  register  at  the  Central  Station  distinctive  trouble 
signals  when  any  part  of  the  wiring  system  is  grounded,  broken,  or  impaired, 
so  as  to  prevent  the  normal  operation  of  the  system. 

{d)  Must,  from  the  risk  to  the  Central  Station,  under  normal  conditions, 
employ  complete  metallic  circuit  for  the  transmission  of  signals  and  depend 
upon  an  earth  return  circuit,  if  at  all,  only  for  transmitting  trouble  signals, 
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except  that  where  fire  signals  are  transmitted  over  two  independent  circuits 
by  the  same  piece  of  apparatus,  the  two  circuits  may  have  earth  return. 

(e)  Must  be  arranged  to  receive,  record  and  transmit  to  fire  department 
and  insurance  patrol  the  box  number  of  the  building  from  which  an  alarm  has 
been  received. 

(/)  A  terminal  board  of  slate  or  marble  must  be  provided.  Each  side 
of  each  entering  circuit  must  be  equipped  with  protectors  especially  approved 
for  this  service. 

(g)  Approved  automatic  devices  to  be  provided,  by  means  of  which 
openings  of  circuits  will  be  immediately  annoimced  by  visual  and  audible  sig- 
nals. Manual  tests  of  all  circuits  to  be  made  at  least  four  times  during  each 
24  hours. 

In  every  case  facilities  must  be  provided  for  making  the  following  test: 
Current  strength  on  each  circuit;  this  current  to  be  adjusted  to  normal  before 
making  the  other  tests;  voltage  across  terminals  of  each  circuit  at  the  inside 
terminals  of  protective  devices;  voltage  between  ground  and  each  side  of  each 
circuit;  and  voltage  between  positive  side  of  each  circuit  and  negative  side  of 
aU  other  circuits. 

CLASS  D— MANUAL  FIRE  ALARM  SYSTEMS 

NoTs:  Only  systems  operating  through  a  Central  Station  are  approved. 
NoTx:  These  systems  are  conaidered  inferior  to  Central  Station  Night  Watch  and  Fire 
Alarm  Sj^tema. 

(8)  Boxes  and  Manuals,    (a)  Must  be  of  approved  types;  be  used  for  no 

other  purpose;  and  must  be  arranged  to  give  a  distinctive  signal  from  each 

box  or  manual,  except  that  where  boxes  or  manuals  are  located  on  the  same 

floor  of  a  fire  section,  such  boxes  or  manuals  may  give  the  same  distinctive 

sisnal. 

Note:  A  box  such  as  is  approved  for  Central  Station  Night  Watch  and  Fire  Alarm  S3r»- 
tenas,  however*  may  be  used  if  desired. 

{h)  Must  be  located  near  all  main  exits  and,  in  addition,  must  conform 
to  the  following: 

1.  Must  be  located  so  that  from  any  part  of  the  plant  equipped  not  more 
tl^^LQ  200  feet  will  have  to  be  traversed  in  order  to  reach  a  box. 

2.  Must,  where  buildings  are  more  than  one  story  in  height,  have  a  box 
the  first  story,  and  at  least  one  in  alternate  stories;  i.e.,  3d,  5th,  7th,  etc. 
ere  buildings  have  single  floor  area  of  7,500  square  feet  or  over,  there  shall 
at  least  one  box  on  each  floor. 

Note:  If  risk  has  multiple  tenant  ocoupancy,  Inspection  Departments  may  require 
^^^^^Uo&al  boxes  to  those  called  for  above. 

3.  Must,  where  any  plant  or  building  equipped  is  divided  into  sections, 
^Ve  the  boxes  in  each  section  to  agree  with  above  rules,  account  not  being 

^en  of  the  boxes  in  any  other  section. 

(c)  Not  over  40  boxes  or  transmitters  shall  be  permitted  on  a  single 
luit. 

(9)  Tests.  All  boxes  to  be  tested  at  least  monthly,  a  record  of  these 
^'^ts  being  made. 
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CLASS  E— AUTOMATIC  FIRE  ALARM  SYSTEMS  AND 

THERMOSTATS 

Note:  Only  systemii  opermttng  throush  a  Central  Station  are  approved. 

(10)  Circuits  and  Apparatus,  (a)  Must  be  arranged  to  transmit  to  Cen- 
tral Station  the  box  number  of  the  building  in  which  a  thermostat  has  oper- 
ated and,  unless  floor  number  is  transmitt^  with  alarm,  must  automatically 
register  the  floor  number  on  an  annunciator  located  as  required  by  the  Inspec- 
tion Department  having  jurisdiction. 

(6)  Must  be  so  arranged  that  not  more  than  fifteen  building  equipments 
will  be  connected  on  a  single  circuit  unless  the  circuit  is  mainly  underground, 
in  which  case  the  number  of  equipments  shall  not  exceed  twenty-five  (25), 
except  by  special  permission  of  the  Inspection  Department  having  jurisdiction. 

(c)  Transmitters,  manual  alarm  boxes,  testing  boxes,  and  annunciators 
must  be  of  an  approved  make,  and  so  located  that  a  considerable  jar  can  not 
start  their  mechanism. 

(11)  Installation  of  Thermostats,  (a)  Must  be  placed  throughout  premi- 
ses, including  inside  of  all  closets,  in  basements,  lofts,  elevator  wells  and  und^ 
stairs.  Special  instructions  must  be  obtained  relative  to  placing  them  under 
large  shelves,  decks,  benches,  tables,  overhead  storage  racks  and  platforms, 
and  inside  small  enclosures,  such  as  drying  and  heating  boxes,  caul  boxes, 
tenter  and  dry  room  enclosures,  chutes  and  cupboards.  No  portion  of  the 
premises  shall  be  excepted  without  written  consent. 

Note:  Special  instructions  must  be  obtained  from  the  Inspection  Departments  having 
jurisdiction  as  to  the  location  of  high  test  thermostats  in  boiler  rooms,  heating  boxes,  sky- 
lights, etc. 

(6)  The  distance  from  wall  or  partition  not  to  exceed  one-half  the  dis- 
tance between  thermostats  in  the  same  direction. 

(c)  A  line  of  thermostats  to  be  run  on  each  side  of  partition.  This  rule 
applies  to  both  solid  and  slatted  partitions. 

(d)  Under  mill  ceilings  (smooth  solid  plank  and  timber  construction, 
6  to  12  feet  bays)  one  line  of  thermostats  should  be  placed  in  center  of  each 
bay  and  distance  between  the  thermostats  on  each  line  not  to  exceed  the  follow- 
ing: 8  feet  in  12  feet  bays;  9  feet  in  11  feet  bays;  10  feet  in  10  feet  bays;  11  feet 
in  9  feet  bays;  12  feet  in  6  to  8  feet  bays. 

Measurements  to  be  taken  from  center  to  center  of  timbers. 

Note*.  Special  instructions  should  be  asked  where  rule  allows  thermostat  spacing  to  be 
over  10  feet,  because  special  conditions^may  require  the  Inspection  Department  having  juris- 
diction to  modify  the  rule. 

(e)  Under  joisted  ceiling,  open  finished,  distance  between  thermostats 
not  to  exceed  8  feet  at  right  angles  with  joists  or  10  feet  parallel  with  joists. 

Exception:  An  exception  may  be  made  to  this  rule  if  the  conditions  warrant,  vis,  special 
permisnon  may  be  given  to  install  but  one  line  of  thermostats  in  bays  10  to  11}  feet  wide  from 
center  to  center  of  the  timbers  which  .support  the  joists.  In  all  cases  where  such  bays  are 
over  11 1  feet  wide,  two  or  more  lines  of  thermostats  should  be  installed  in  each  bay  as  required 
by  the  rules  for  spacing.  This  docs  not  apply  where  beams  are  flush  with  the  joists,  in  which 
case  thermostats  may  be  spaced  as  called  for  in  Rule  e.  Where  permission  is  given,  the  thermo- 
stats should  be  placed  closer  together  on  a  line  so  that  in  no  case  will  the  area  covered  by  a 
single  thermostat  exceed  80  square  feet.    Also  see  Rule  t. 


256 


PRIVATE  FIRE  PROTECTION  247 

(/)  Under  smooth  sheathed  or  plastered  ceilings,  in  bays  6  to  12  feet  wide 
(measurement  to  be  taken  from  center  to  center  of  timber,  girder,  or  other 
projection  or  support  forming  the  bay),  one  line  of  thermostats  to  be  placed 
in  center  of  each  bay,  and  distance  between  the  thermostats  on  each  line  not  to 
exceed  the  following:  8  feet  in  12  feet  bays;  9  feet  in  11  feet  bays;  10  feet  in  6 
to  10  feet  bays.  Bays  in  excess  of  12  feet  in  width  and  less  than  23  feet  in 
width  to  contain  at  least  two  Unes  of  thermostats;  bays  23  feet  in  width  or 
over  to  have  the  lines  therein  not  over  10  feet  apart.  In  bays  in  excess  of  12 
feet  in  width,  not  more  than  100  square  feet  ceiling  area  to  be  allotted  any 
one  thermostat. 

(g)  Under  a  pitched  roof  sloping  more  steeply  than  1  foot  in  3,  one  line 
of  thermostats  to  be  located  in  peak  of  roof,  and  thermostats  on  either  side 
to  be  spaced  according  to  above  requirements.  Distance  between  thermostats 
to  be  measured  on  a  line  parallel  with  roof.  Where  the  roof  meets  the  floor 
line  there  should  be  a  line  of  thermostats  placed  not  over  3}  feet  from  where 
roof  timbers  meet  floor. 

Note:  Two  lines  of  thermottato  not  more  than  2|  feet  distance  each  way  from  the  peak 
of  roof,  measured  on  a  line  with  the  roof,  may  be  used  in  lieu  of  one  line  of  thermostats  located 
in  peak  of  roof.     Also  see  Sec.  i. 

(h)  Under  open  finish,  joisted  construction  floors,  decks,  and  roofs,  the 
thermostats  should  be  ''staggered''  spaced  so  that  heads  will  be  opposite  a 
point  half  way  between  thermostats  on  adjacent  lines,  the  end  thermostats 
on  alternate  lines  to  be  not  more  than  2  feet  from  wall  or  partition.  Also  see 
Sec.  6. 

Notk:  This  resulation  does  not  except  thermostats  within  a  bay,  whether  on  one,  two, 
or  inore  lines.  Special  instruction  to  be  obtained  in  each  case  as  to  whether  staggered  spacing 
shall  be  required  under  open  joist  construction,  where  the  channel  spaces  between  joists  are 
positively  blocked  off  within  the  territory  of  any  two  adjacent  thermostats. 

(i)  Special  instruction  to  be  obtained  from  the  Inspection  Department 
having  jurisdiction  relative  to  location  of  thermostats  under  floors  imd  roofs 
of  panel  or  other  unusual  construction  and  for  which  provision  is  not  nereinbe- 
fore  made. 

(j)  Must  be  supported  in  all  cases  independently  of  their  attachment 
to  the  wires,  except  when  cleats  or  knobs  are  within  one  foot  of  each  side  of 
thermostats. 

(k)  Thermostats  for  hatch  closers  must  be  placed  at  the  top  of  the  eleva- 
tor well  or  Jioistway  equipped  and  on  the  ceiling  below  each  floor  opening  in 
such  numbers  and  so  arranged  in  each  case  as  may  be  required  by  the  Inspec- 
tion Department  having  jurisdiction. 

(12)  Manual  Alarms.  Manual  alarm  boxes  must  be  of  an  approved  pat- 
tern; must  be  used  for  no  other  purposes;  and  must  be  located  as  required  for 
Manual  Fire  Alarm  boxes.     (See  Rule  8,  Section  6.) 

Notb:  Manual  boxes  may  be  of  the  type  such  as  is  approved  for  Watchman's  Time 
Beoording  Apparatus.  Central  Station  Systems,  if  desired. 

CLASS  F— AUTOMATIC  JOURNAL  ALARMS 

(13)  CIrcilit  and  Connections,  (a)  Circuits  must  be  so  sub-divided  that 
not  more  than  25  thermostats  will  be  on  any  one  circuit.    There  must  be  a  find- 


257 


248  FIRE  INSURANCE  INSPECTION 

ing  switch  for  each  boot  in  grain  elevator  equipmenta  and  daewhere  when  caDed 
for  by  the  Inspection  Department  ha>'ing  jurisdiction.  All  the  finding  switches 
in  one  circuit  must  be  located  in  one  box.  The  finding  switches  to  be  wired  so 
that  the  cutting  out  of  one  group  or  boot  will  not  cut  off  the  current  from  any 
of  the  other  groups  in  the  same  circuit  and  wiD  show  a  broken  wire  when  the 
test  is  made  by  the  testing  apparatus. 

(6)  Connections  must  be  made  by  running  circuit  wire  without  bfeak 
from  the  binding  posts.  Where  there  is  liabiUty  of  mechanical  injury,  conduc- 
tors must  be  encased  in  approved  flexible,  armored,  or  iron  conduiis  as  the 
special  needs  of  each  case  require. 

Note:  Armored  or  iron  conduit  must  be  securely  fastened  in  place  so  aa  to  prewnt  aay 
strain  on  the  conductors. 

Where  bearings  are  not  fixed,  such  as  tighteners,  etc.,  a  special  i4)proved 
flexible  stranded  conductor  must  be  used. 

(c)  Circuits  must  be  all  metallic  and  must  normally  test  free  from 
grounds.  When  open  circuit  systems  are  used,  they  must  be  so  arranged  that 
a  single  break  will  not  prevent  an  alarm  being  transmitted. 

(d)  Thermostats  must  be  on  every  bearing  throughout  grain  elevatws, 
exceptions  only  being  made  by  consent  of  the  Inspection  Department  having 
jurisdiction.  Bearings  must  be  drilled  to  the  full  depth  of  thermostat  base 
where  practicable  and  thermostats  must  be  securely  fastened  in  place. 

(e)  Thermostats  must  be  so  arranged  that  they  can  readily  be  taken 
out  of  the  bearings  and  disconnected  without  impairing  the  wiring  or  connec- 
tions in  any  way,  and  their  connections  must  be  so  arranged  that  journal  boxes 
can  be  removed  and  replaced  without  breaking  the  wires. 

(/)  Thermostats  must  be  set  to  give  an  alarm  at  approximately  165°F., 
except  by  special  consent  of  the  Inspection  Department  having  jurisdiction 
when  thermostats  may  be  set  at  not  over  212  degrees. 

•  (g)  An  annunciator  must  be  located  near  the  testing  apparatus  with  the 
indexes  plainly  marked  to  show  the  various  circuits.  It  must  be  enclosed  in  a 
dust-pi%of  case  arranged  so  that  the  indexes  can  be  reset  from  the  outside  of 
the  case. 

(h )  Independent  relays  must  be  used  for  each  circuit ;  they  must  be  enclosed 
in  a  dust-proof  case  and  have  spring  knife  edge  contact  i>oints  in  addition  to  the 
ordinary  relay  contacts. 

(14)  Gongs,  (a)  When  vibrating  gongs  are  used,  all  gongs  must  be  of 
the  regular  vibrating  pattern  (not  single  stroke)  and  the  system  must  be  so 
arranged  that  the  failure  of  any  one  gong  to  vibrate  can  in  no  way  interfere 
with  the  proper  action  of  any  of  the  other  gongs. 

(6)  There  must  be  one  8-inch  gong  placed  over  the  annunciator  in  the 
engine  room,  which  gong  shall  ring  continuously  in  case  of  short  circuit  on 
system.    This  gong  to  be  on  a  relay  and  separate  set  of  batteries. 

(c)  There  must  be  no  gongs  in  the  journal  alarm  circuit  when  in  normal 
condition.     All  gongs  must  ring  from  a  relay. 

Underwriters  Rules  for  Construction  and  Installation  of  Automatic 
Sprinkler  Alarm  and  Supervisory  Systems 

Central  Station,  (a)  From  the  central  office  to  the  protected  risk,  there 
must  be  two  separate  circuits,  one  for  the  water  flow  alarm,  and  the  other  for 
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the  supervidioii  features.  Manuals  must  not  be  installed  on  the  supervision 
circuit  unless  of  approved,  non-interfering  pattern. 

(6)  The  central  office  must,  at  all  times,  be  able  to  determine  from  the 
signal  received,  the  particular  feature  of  the  sprinkiered  risk  which  is  out  of 
order  and  when  it  has  been  restored. 

This  may  be  accomplished  by  having  separate  transmitters  for  each 
feature  of  the  service  or  distinctive  signals  from  the  same  transmitter  or  by  a 
combination  of  both  methods. 

Devices,  Circuits,  Etc.  (a)  Must  be  so  arranged  that  devices  can  not 
easily  be  tampered  with  or  removed  without  giving  a  signal  in  the  central 
o£oe. 

Q})  All  circuits  and  electrical  apparatus  must  comply  with  the  require- 
ments stated  under  Class  A.  It  is,  however,  strongly  recommended  that  all 
interior  circuits  be  entirely  run  in  approved  conduit  piping,  wire  to  be  such 
as  is  required  in  damp  places,  under  Rule  3,  Section  "b,''  Class  *^A", 

(c)  All  pipe  connections  to  sprinkler  system  must  be  made  in  workman- 
like manner,  equal  in  all  respects  to  the  regular  standard  required  for  sprinkler 
work. 

(d)  Not  more  than  twenty-five  (25)  sets  of  transmitters  or  not  exceeding 
one  hundred  (100)  break  wheels  must  be  connected  on  a  single  circuit. 

Tests.  Complete  and  satisfactory  tests  of  all  transmitters  must  be  made 
by  installing  companies  monthly  and  results  reported  to  the  Inspection  Depart- 
ment having  jurisdiction. 

SUPERVISION  DETAILS 

Gate  Valves,  (a)  Connection,  by  means  of  approved  devices,  must  be 
made  to  all  gate  or  other  stop  valves,  under  control  of  the  assured,  in  feed  pipes 
to  sprinklers,  including  all  valves  on  tanks,  fire  pump,  steam  and  discharge 
connections,  city  main  connections,  pump  suction,  post  indicator  valves,  and 
where  necessary,  on  small  valves  used  in  installation  of  the  service.  Devices 
to  be  so  attached  as  not  to  interfere  with  the  operation  of  the  valve  nor  obstruct 
the  view  of  indicator  or  access  to  stuffing  boxes. 

(6)  Attachments  on  all  valves  must  give  a  signal  between  the  first  and 

the  second  revolutions  of  the  hand  wheel,  tending  to  move  the  valve  from  its 

proper  position,  or  when  valve  is  not  controlled  by  hand  wheel,  signal  must  be 

^ven  before  the  valve  has  moved  one-fifth  of  the  stem  movement  from  its 

j::»roper  position. 

Two  separate  and  distinctive  automatic  signals  will  be  required  for  the 
^^te  valve  alarm,  one  signal  to  show  that  a  valve  has  been  removed  from  its 
v^ormal  position,  and  another  distinctive  and  different  signal  to  show  that  the 
^alve  has  been  returned  to  its  normal  position.  The  latter  signal  shall  not  be 
iven  until  all  valves  have  been  returned  to  their  normal  position,  or  at  least 
the  point  where  the  first  or  trouble  signal  was  given. 

Pressure,     (a)  All  tanks  or  their  sources  of  pressure,  including  steam 
^"mipply  for  fire  pumps,  also  pressure  on  dry  pipe  system,  must  be  provided  with 
^•■eparate  and  independent  attachments,  unless  otherwise  specified  by  the 
^xispection  Department  having  jurisdiction. 

Pipe  to  which  supervisory  devices  are  connected,  must  be  provided  with 
^.  plugged  test  gauge  connection  and  a  stop  and  relief  valve  of  satisfactory 
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pattern;  the  whole  to  be  so  arranged  that  pressure  on  attachment  and  plugged 
connection  can  be  released  for  testing  purposes. 

(b)  Pressure  tank  attachment  must  give  a  high  and  a  low  pressure  signal 
at  ten  (10)  pounds  below  and  thirty  (30)  pounds  above  the  normal  pressure. 

Steam  pressure  attachment  must  give  a  low  pressure  signal  at  forty-five 
(45)  pounds. 

Attachment  to  dry  pipe  pressure  system  must  give  a  high  and  a  low  pres- 
sure signal  at  ten  (10)  pounds  variation  above  or  below  normal  pressure. 

In  special  cases  and  for  other  pressure  sources,  specific  instructions  must 
be  obtained  from  the  Inspection  Department  having  jurisdiction. 

Two  separate  and  dintinctive  automatic  signals  will  be  required  for  pres- 
sure alarm,  one  to  show  that  the  pressure  has  gone  below  or  above  the  required 
amount  and  another  distinctive  and  different  signal  to  show  that  the  normal 
pressure  has  been  restored. 

Water  Levels,  (a)  .Ail  pressure  and  surge  tanks,  gravity  tanks,  cistems, 
and  reservoirs  used  as  a  supply  for  sprinkler  systems  must  be  equipped  with 
separate  and  independent  attachments  unless  otherwise  specified  by  Inspec- 
tion Department  having  jurisdiction. 

All  devices  used  for  this  purpose  must  be  designed  to  withstand  corrosion 
and  possible  mechanical  obstructions. 

(h)  Must  give  a  low  water  signal  in  all  supplies,  except  pressure  tanks, 
when  water  drops  12  inches  below  the  required  level.  Pressure  tank  device 
must  give  a  signal  when  water  drops  4  inches  below  or  rises  4  inches  above  the 
required  level.         ' 

Two  separate  and  distinctive  automatic  signals  will  be  required  for  water 
alarm,  one  to  show  that  water  has  changed  from  the  required  level,  and  another 
to  show  that  the  proper  water  level  has  been  restored. 

Temperature,  (a)  All  gravity  tanks,  cisterns,  and  reservoirs  for  sprinkle 
service  in  which  water  might  freeze  must  be  equipped  with  suitable  tempera- 
ture indicator,  located  2  feet  below  the  required  water  level. 

Note:  Where  tanks,  cisternn,  or  rescrvoira  are  located  in  houses  in  which  wat^r  mifht 
frcese,  Inspection  Department  having  jurisdiction  may  require  suitable  temperature  indicators 
for  such  houses. 

(b)  The  indicator  must  give  a  separate  and  distinctive  signal  when 
temperature  falls  below  40°F.,  or  rises  above  160**F.,  and  another  distinctive 
and  different  signal  to  show  that  water  has  been  restored  to  the  proper  tem- 
perature. 

Fire  Pumps.  Where  automatic  fire  pumps  are  used  a  complete  super- 
vision shall  be  provided  in  each  case,  for  which  special  instructions  must  be 
obtained. 

Water  Flow  Alarm  Details,  (a)  At  the  base  of  each  system  riser,  satis- 
factory and  positive  connections  must  be  made  by  an  approved  device  for 
indicating  the  flow  of  water  in  the  sprinkler  system,  except  that  due  to  waste 
surges  or  variable  pressure. 

(6)  The  device  must  indicate  at  the  Central  Station  any  leak  or  flow  of 
water  in  the  sprinkler  system,  equal  to  or  greater  than  at  the  rate  of  ten  (10) 
gallons  per  minute. 

Trouble  signal  to  be  distinctive  and  different  from  the  water  flow  signal. 

(c)  Where  any  private  local  water  flow  alarm  system  is  in  use,  the  super- 
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visory  water  flow  alarm  must  be  so  arranged  that  it  shall  not  be  dependent  upon 
the  operation  of  or  interfered  with  by  trouble  on  the  local  private  alarm  circuit. 

Manual  Alarms.  Where  a  sprinklered  risk  is  provided  with  either  a  Cen- 
tral Station  Water  Flow  or  a  Central  Station  Supervision  Alarm,  or  both,  and 
has  not  an  approved  and  properly  maintained  Automatic  Fire  Alarm  System 
or  Watchman's  Central  Station  Time  Recording  System,  a  Manual  Fire 
Alarm  System  installed  in  accordance  with  Rules  8  and  9  must  be  provided. 

Signals  and  Reports,  (a)  Arrangements  must,  if  possible,  be  made  by 
the  operating  company,  by  which  they  shall  have  access  to  premises  under 
supervision,  at  all  hours  of  the  day  and  night.  Where  such  arrangements  can 
not  be  made  and  it  might  become  necessary  to  force  an  entrance  to  the  build- 
ing, a  proper  guard  shall  be  placed  over  the  building  so  long  as  required. 

Notb:  It  will,  of  course,  be  understood  that  all  arrangements,  under  the  above  para- 
graph, should  be  made  with  the  owner  of  the  property  and  must  be  subject  to  the  approval  of 
the  Inspection  Department  having  jurisdiction. 

(h)  Arrangements  must  be  made  to  furnish  such  reports  of  signals  that 
may  be  received  and  in  such  form  as  may  be  required  by  the  Inspection  Depart- 
ment having  jurisdiction. 

IMsposition  of  Signals,  (a)  Upon  receipt  of  signals  referring  to  matters 
of  purely  equipment  maintenance,  the  operating  company  must  immediately 
send  a  nmncr  to  investigate  and,  if  possible,  see  that  the  trouble  is  remedied 
at  once. 

They  shall  also  notify  the  assured  by  telephone  or  by  the  quickest  method 
available. 

Written  notice  should  be  given  the  assured  in  all  cases. 

(b)  Upon  receipt  of  signals  showing  flow  of  water  in  the  system,  the  cen- 
tral office  must  notify  the  nearest  Insurance  Patrol  and  such  other  parties  as 
the  Inspection  Department  having  jurisdiction  may  require. 

They  shall  idso  dispatch  a  runner  to  the  risk. 

They  shall  also  notify  the  assured  by  telephone  or  by  the  quickest 
method  available. 

In  addition  to  which,  written  notice  should  bo  given  to  the  assured. 

Notb:  In  all  cases  where  notification  is  required  to  parties  with  whom  private  lines  of 
^nuaunication  have  not  been  provided,  the  quickest  available  means  of  communication  must 
^  used. 

(c)  If,  at  any  time,  a  combination  signal  is  received,  which,  from  its 
'^^ture,  is  indicative  of  water  flow  on  the  premises  equipped,  such  combination 
**KiiaJ  must  be  treated  by  the  central  office  as  a  fire  alarm. 

All  manual  alarms  are  to  be  treated  as  fire  alarms. 

Not*:  Fire  alarms  received  from  Sprinkler  Supervisory  service  shall  be  transmitted 
^^^  city  fire  alarm  office  and  patrol  or  such  other  place  as  required  by  the  Inspection  Depart- 
^^^t  having  jurisdiction,  and  should  at  all  times  be  treated  as  still  alarms. 


LOCAL  SYSTEMS 

Alinn  Details,     (a)  Must  be  arranged  to  give  signals  at  points  desig- 
^^  by  the  Inspection  Department  having  jurisdiction. 
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These  connectionfl  should  be  choeen  from  the  following,  choice  being  made 
in  the  order  given. 

1.  Fire  department  house  within  2,500  feet,  having  men  and  horses  stationed 

thertnn. 

Note:  In  certain  large  cities  the  above  connection  alone  will  be  required. 

2.  Fire  department  house  within  2,500  feet,  having  "bunkers"  and  horses  tt 

night. 

3.  House  of  engineer  or  fireman  of  risk,  when  same  is  within  1,200  feet. 

4.  House  of  owner  or  superintendent  of  risk,  when  same  is  within  1,200  feet. 

5.  House  of  chief  engineer  or  foreman  of  local  fire  department,  when  either  is 

within  1,200  feet. 

6.  House  of  regular  employe,  other  than  those  above  mentioned,  when  same  is 

within  1,200  feet. 

When  it  is  impossible  to  obtain  any  of  the  above,  special  instnieticnis 
shall  be  obtained. 

Connection  to  city  or  town  fire  alarm  box  is  not  allowable. 

Gongs.  Must  be  not  less  than  6  inches  in  diameter.  Where  there  is  only 
one  out^side  connection,  gong  shall  be  of  vibrator  pattern.  Where  there  aw 
two  outside  connections,  gongs  to  be  wired  in  series,  a  vibrator  being  placed  in 
principal  one,  and  a  single  stroke  in  the  other. 

Testing  of  Local  Electric  Alarms,  (a)  System  to  be  tested  daily  by  clos- 
ing a  circuit  through  the  binding  posts  of  the  alarm  valve.  Test  to  be  recorded 
by  a  device  which  shall  make  a  series  of  punctures  on  a  dial  showing  the  vibra- 
tion of  the  main  gong.  This  device  to  be  of  single  stroke  pattern  normally  out 
of  main  circuit  (i.e.,  in  the  test  circuit  connecting  the  binding  posts)  in  series 
with  and  vibrated  by  main  gong. 

Note:  Inspection  Department  having  jurisdiction  should'lie  consulted  M  to  the  neoei* 
aity  for  installing  the  testing  device,  called  for  below.  ; 

(6)  Switches  for  cutting  out  alarms  are  prohibited. 

PRIVATE  FIRE  DEPARTMENTS 

One  of  the  most  important  organizations  for  fire  protection 
the  private  fire  department.    Such  an  organization,  if  properly  fonneo- 
and  drilled,  may  prove  very  effective  in  handling  fires  in  mill  and 
shop  plants,  railroad  terminal  yards,  department  stores,  theatd*^ 
schools,  and  similar  risks. 

The  following  rules  for  organizing  a  private  fire  departmea 
were  drawn  up  by  the  late  W.  H.  Stratton  and  are  recommended  b 
he  National  Fire  Protection  Association. 

SUGGESTIONS  FOR  ORGANIZING  PRIVATE  FIRE  DEPARTMENT^ 

Chief.    The  active  resident  manager,  superintendent,  or  any  one  who  i^ 
ordinarily  in  high  authority  on  the  premises. 
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•  Assistant  Chief.  Master  mechanic  or  some  one  ordinarily  in  constant 
attendance  at  the  property  and  high  in  authority  in  the  administration  of  the 
men. 

Battalion  Chief.  Where  the  department  is  divided  into  battalions  a  bat- 
talion chief  should  be  assigned,  and  his  selection  should  be  based  upon  the  same 
qualifications  as  assistant  chief,  in  addition  to  which  this  office  could  be  made 
the  subject  of  promotion  from  captains  of  companies  who  have  evidenced  espe- 
cial merit  or  who  have  had  experience  in  fighting  fires. 

Organization  of  Companies. 

Notb:  While  special  duties  are  suggested  for  members  of  a  company  as  given  in  detail 
below,  it  is  obvious  that  every  man  in  the  Department  should  be  instructed  and  drilled  so  that 
he  may  perform  any  of  the  duties  outlined  in  the  suggestions.  By  this  program  each  man  will 
be  available  for  whatever  duty  may  be  assigned  him  at  the  time  of  fire. 

Captain.  For  this  position  a  mechanic  or  a  man  with  mechanical  expe- 
rience should  be  selected,  preferably  one  usually  in  charge  of  a  department  and 
accustomed  to  the  control  of  men. 

Hydrant  Men.    Two  men  should  be  selected  for  this  service  whose  special 
duty  should  be  to  attend  to  turning  on  and  off  the  water,  and  connecting  and 
disconnecting  the  hose  at  the  hydrant;  one  man  should  be  left  at  the  hydrant; 
the  other  could  assist  in  adding  or  taking  out  hose,  replacing  for  breaks,  etc. 
Pipe  Men.    For  each  company  there  should  be  three  sets  of  pipe  men, 
composed  of  three  men  each;  these  men  should  be  he^vy  and  strong,  and  prac- 
ticed in  holding  play  pipes;  two  men  ordinarily  can  hold  a  stream  under  aver- 
age pressure,  but  when  hose  is  taken  up  ladders,  used  on  roofs,  in  buildings,  or 
under  high  pressure  on  the  ground,  three  men  are  not  too  many  to  properly  hold, 
move,  and  direct  a  fire  stream. 

Extra  Hose  Men.  For  each  company  there  should  be  three  extra  hose 
men  to  assist  in  drawing  the  hose  carts  and  laying  the  lines.  The  total  strength 
of  a  company  need  not  exceed  twelve  men,  and  where  only  two-way  hydrants 
*n  in  use,  two  sets  of  pipe  men  would  be  sufficient,  making  the  company  con- 
<>Bt  of  nine  men  in  all. 

Notk:  An  organisation  consisting  of  several  companies,  composed  of  a  small  number 
^  <x^n  in  each,  makes  it  possible  for  the  chief  to  direct  through  the  captains  the  application  of 
v«  •ueams  with  the  least  confusion  to  the  whole  force,  especially  under  excitement  during  a  fire. 

When  the  force  consists  of  more  than  five  companies,  it  should  be  divided 
''^^o  battalions  of  three  companies  each,  and  each  battalion  should  have  a  chief 
^■^o  should  be  selected  for  his  coolness  and  general  knowledge  of  the  property. 

Ladder  Companies.  Where  there  are  high  buildings,  ladder  companies, 
^^^pendent  entirely  of  the  hose  companies,  should  be  organized,  composed 
^  ^  captain  and  six  men  to  each  company.  Permanent  ladders  can  often  be 
P^^^sed  at  small  expense  where  they  would  greatly  facilitate  the  work  of  firemen. 

Selection  of  Men.    The  selection  of  men  for  a  fire  department  should  be 

°^^^e  from  intelligent  mechanics,  preferably  the  strong  and  reliable  men,  gen- 

^P^Uy  known  to  be  cool  headed  and  well  posted  as  to  all  the  buildings,  the  loca- 

^^^^O  of  the  stairways,  elevators,  etc.,  and  also  care  should  be  taken  to  appoint 

^^^^^«e  living  within  hearing  distance,  if  possible,  of  the  fire  signal. 

For  identification  and  admittance  to  the  premises  during  night  or  holi- 
^Yb,  each  member  of  the  department  should  be  provided  with  a  badge  to  be 
^^^  at  all  times. 
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Vire  DrilL  Practice  drills  should  be  held  as  frequently  as  poasible,  beth 
at  regular  stated  intervals  and  also  at  time  without  notice,  in  order  to  test  the 
readiness  of  the  department  to  respond  to  an  actual  fire  call.  It  would  also  be 
desirable  to  arrange  for  an  occasional  night  drill  of  similar  sort. 

This  practice  should  consi^^t  of  laying  lines  of  hose  and  carrying  them 
onto  and  into  difTerent  buildings  (without  turning  on  water),  in  order  that  the 
men  may  become  accustomed  to  handling  the  hose  and  making  the  connectioDfl 
with  the  couplings  with  rapidity,  at  the  same  time  avoiding  confusion. 

It  is  well  to  select  for  each  trial  a  different  building,  assuming  the  one 
selected  or  the  adjoining  one  to  be  on  fire;  then  have  the  chief  engineer  direct 
where  the  laclders  should  be  placed  and  where  streams  should  be  carried,  and 
where  practicable,  water  should  be  turne<i  into  hose  that  is  carried  up  ladders 
and  onto  roofs,  in  order  that  the  firemen  may  become  accustomed  to  the 
"recoil"  and  weight  to  be  managed. 

To  prot(K*t  the  men  from  accidents  on  ladders,  ladder  straps  should  be 
attache<l  to  all  hose  carried  onto  buildings,  to  take  the  weight  and  recoil  on  the 
ladder  and  off  from  the  men. 

A  stream  should  never  be  manned  on  the  roof  with  less  than  three  men, 
and  they  should  be  reinforced  by  two  extras  to  pass  signals  and  to  assist  in  case 
the  hose  Ix^comes  unmanageable. 

During  fire  practice,  special  attention  should  be  given  to  the  laying  of 
hose  without  twists  or  kinks,  and  it  should  be  especially  understood  that  there 
should  be  no  short  turns  any  where  in  the  length  of  hose,  and  that  the  plsy 
pipes  shall  he  so  held  as  to  make  a  gradual  curve  in  the  hose  from  the  ground  up. 

This  is  an  important  feature  in  handling  hose  for  the  following  reasons: 

1.  Kinks  or  twists  are  liable  to  pull  the  hose  away  from  the  pipemen  when 

water  is  turned  on. 

2.  If  there  are  any  short  bends  near  the  play  pipes  it  makes  it  almost  impossible 

to  hold  the  pijK',  when,  if  it  is  under  easy  curve,  the  recoil  is  reduced  to 
a  minimum. 

3.  The  hose  is  liable  to  burst  by  opening  up  a  kink  or  short  turn  when  the  water 

is  turmni  on  or  to  burst  if  a  kink  or  short  turn  is  taken  in  it  while  water 

is  turned  on. 

Pumps.  SUmn.  In  addition  to  the  foregoing  organization  there  should 
be  an  engineer  in  charge  of  the  pumps  and  boilers  to  see  that  steam  is  kept  up, 
and  that  the  pumps  are  operated  in  accordance  with  the  demands  made  upon 
them — that  is,  not  to  run  the  pumps  faster  than  is  necessarj',  and  when  they 
are  driven  to  ma.ximum  speed  to  see  that  they  are  maniig(xi  without  danger  of 
breakage. 

Arrangements  should  also  be  made  that  in  the  event  of  extended  service, 
extra  men  to  fire  the  boilers  should  report  to  the  Chief  Engineer,  as  the  con- 
sumption of  steam  by  fire  pumps  requires  steady  firing,  generally  too  much  for 
the  ordinary  force  of  firemen  at  boilers. 

Rotary.  Where  rotary  pumps  furnish  water  supply  for  fire  protection, 
one  or  more  men  should  be  detailed  to  operate  the  gearing,  start  the  pumps 
and  keep  them  well  oiled,  and  give  them  such  other  care  and  attention  while 
running  as  will  prevent  acci(l(»nt  from  overspeeil  or  heat  ing  of  the  boxes. 

Wliere  the  ordinary  heavy  grease  is  not  at  hand  for  prolonged  use  of  rotary 
pumps,  they  may  be  kept  cool  by  pouring  on  water. 
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Water  Pressure.  In  all  cases,  either  on  steam  or  rotary  pumps,  pressure 
should  be  gauged  to  suit  the  height  of  buildings,  and  relief  valves  set  accord- 
in^y.  One  hundred  pounds'  pressure  at  pumps  is  in  most  cases  the  maximum 
pressure  necessary;  if  a  greater  pressure  than  one  hundred  pounds  is  attempted, 
first-class  fire  hose,  specially  selected  to  stand  a  high  pressure,  should  be  pro- 
vided. 

Fire  Alsrm  Systems.  The  noise  of  machinery  within  buildings  some- 
times prevents  the  distinct  hearing  of  whistle  or  bell  alarm;  for  this  reason  it  is 
best  to  have  one  signal  for  FIRE  or  GENERAL  ALARM,  which  will  call  the 
men  out  of  the  building,  and  when  they  are  out  where  they  hear  distinctly, 
and  while  they  are  on  their  way  to  the  stations  or  hose  carriages,  the  signal 
•  can  be  blown  or  rung  designating  the  exact  location  of  the  fire. 

Fire  Alarms.  A  system,  preferably  of  steam  whistle  signals,  should  be 
arranged  and  practiced  with  upon  the  following  general  idea: 

1.  General  Alarm.    A  general  alarm  which  will  siunmon  the  men  from  their 

work  or  their  homes  to  the  property;  upon  this  alarm  men  should  imme- 
diately report  to  their  assigned  stations,  and  the  engineer  in  charge  of 
the  pumps  should  make  preparation  to  operate  them  and  see  that  his 
fires  are  in  condition  to  maintain  them,  and  in  most  cases  he  should  start 
up  his  pumps  without  further  orders. 

2.  Location  Alarm.    This  alarm  should  be  signal  numbers,  designating  certain 

localities  or  buildings.     At  this  alarm  the  hose  and  ladder  companies 
should  proceed  to  the  location  and  the  captain  report  to  the  chief  or 
battalion  chief,  who  will  give  orders  for  going  into  action. 
Where  bells  are  used  in  place  of  steam  whistles  for  alarm,  the  arrange- 
ment would  be  practically  the  same  as  to  General  and  Location  alarms. 

Salvage  Corps.  A  certain  number  of  employes  of  known  ability  and 
special  qualifications  should  be  organized  and  instructed  concerning  the  best 
course  to  follow  in  covering  up  valuable  stock  and  machinery  to  prevent  water 
damage;  sweeping  out,  draining  off,  and  soaking  up  water;  caring  for  belts, 
djmamos,  card  clothing,  and  other  machinery  or  material  peculiar  to  the  prop- 
erty that  may  be  susceptible  of  excessive  water  damage. 

This  organization  should  be  provided  with  all  the  necessary  parapher- 

rtalia,  such  as  rubber  blankets  or  whatever  may  be  needful  to  cover  up  and 

taJce  care  of  the  contents  of  the  building,  either  the  machinery  or  the  stock. 

Co-Operation  with  City  Fire  Departments.    If  the  property  be  located 

^liere  it  is  under  public  fire  department  protection,  every  one,  from  the  high- 

c^rt  in  authority  to  the  lowest  one  in  the  organization  liable  to  be  brought  in 

«^c>iitact  with  the  question,  should  be  thoroughly  posted  as  to  their  own  rights 

operating  the  private  apparatus,  and  also  the  rights  of  the  public  fire  depart- 

i^nt  to  enter  the  premises  at  time  of  fire. 

It  would  seem  advisable  that  this  ^ould  be  explained  in  a  printed  card 
^*"  poster  very  generally  in  conspicuous  places  throughout  the  property. 

It  would  also  seem  desirable  to  invite  the  authorities  of  the  public  fire 
^^partment  to  the  property  to  explain  to  them  the  use  of  the  private  apparatus, 
^^^  show  them  the  location  of  all  valves  and  the  purpose  for  which  they  are 
^^tended. 

At  the  same  time  it  would  be  desirable  to  have  the  members  of  the  ncar- 
^Bt  public  fire  companies  inspect  the  property  until  they  become  familiar  with 
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the  arrangement  of  buildings;  also  in  order  to  find  out  the  best  means  of  aooen 
and  escape  from  the  various  buildings,  and  furthermore  looking  into  the  nature 
of  the  contents  and  taking  especial  note  of  the  places  where  they  may  be  chances 
of  an  explosion  or  rapid  spread  of  fire. 

Drill  to  Avoid  Panic.  In  this  connection  it  would  be  advisable  for  the 
assured  to  arrange  for  a  simple  but  effective  plan  by  which  all  of  the  help  may 
be  promptly  diflmisscd  from  the  premises  without  possibility  of  confusion  or 
panic.  Thb  is  most  necessary  in  large  factories  where  the  help  is  composed 
mainly  of  girls  or  where  material  is  worked  that  permits  of  a  rapid  sprf^  of 
fire.  Instructions  as  to  this  particular  drill  should  be  posted  on  cards  in  con- 
spicuous places. 

General  Notes.  It  would  be  advbablc  to  have  a  plan  of  organization  of 
the  fire  department  posted  in  conspicuous  places  throughout  the  property  so 
that  the  men  may  become  famiUar  with  the  arrangement. 

For  use  during  fire  drill  and  generally  for  extra  strong  streams  from  the 
ground,  a  nozzle  rest  selected  from  the  several  patterns  made  should  be  pro- 
vided, by  the  use  of  which  one  man  can  hold  and  guide  a  fire  stream  that 
would  otherwise  require  three  men  to  handle. 

The  nozzle  rest  will  be  found  to  pay  for  itself  in  small  mill  yards,  where 
trial  of  streams  for  insi)ectors  would  ordinarily  call  out  a  large  number  of  men 
to  man  the  pipes;  by  the  use  of  a  nozzle  rest,  one  man  can  serve  a  fire  stream 
for  all  ordinary  purposes  of  inspection  or  trial,  which  in  the  course  of  a  year 
makes  quite  a  saving. 

Frequent  inspection  of  the  fire  department  equipment  should  be  made 
to  watch  the  condition  of  hose,  which  is  liable  to  deteriorate,  and  also  to  pre- 
vent the  misplacing  of  play  pipes,  axes,  spanners,  and  crow-bars. 

Play  pipes  should  be  handled  carefully,  so  as  not  to  dent  or  bruise  them; 
the  smoothness  of  bore  in  them  is  as  important  for  a  perfect  stream  as  in  the 
barrel  of  a  giyi  for  its  accuracy. 

The  following  implements  are  necessary  for  a  complete  equipment  of  a 
private  fire  department  in  proportion  to  the  demands  of  the  property: 

First:  Sutliciont  fire  hose  to  concentrate  the  total  capacity  of  the  water 
supply  upon  any  building  or  section  of  the  property. 

Second:  A  liberal  supply  of  Underwriters'  standard  play  pipes,  so  that 
the  streams  may  be  obtained  without  delay  in  gathering  them  during  a  fire. 

Third:  Spanners  should  be  suppUed  in  liberal  numbers  and  distributed 
throughout  the  hose  house  equipment  and  on  the  hose  carriages.  In  many 
cases  they  can  bo  carried  in  the  men's  belts. 

Fourth:  Fire  axes  and  bars  of  standard  size  and  pattern  should  be  carried 
on  all  hose  and  ladder  carts  in  liberal  quantities. 

Fifth:  Ladder  straps,  for  the  purpose  of  fastening  hose  to  the  rounds  of 
ladders  and  to  window  sills  and  other  places  where  the  weight  of  hose  and  the 
additional  strain  of  the  weight  and  recoil  of  water  would  otherwise  make  them 
unmanageable. 

Sixth:  Coils  of  i-inch  hemp  rope  with  snap  hooks  should  be  provided 
for  the  ladder  and  hose  companies,  the  length  to  be  about  two  and  one-half  times 
the  height  of  the  highest  building. 

Seventh:  Fire  lanterns.  .There  should  be  a  liberal  supply  of  fire  lanterns, 
of  the  pattern  which  will  prevent  the  lamp  being  dropped  through  the  bottom 
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of  the  body,  or  extinguished  by  a  stream  of  water  striking  it;  the  glass  should 
also  be  guarded  by  a  steel  or  wire  fender. 

Eighth:  Provision  should  be  made  for  hoisting  hose,  so  that  it  can  hang 
above  ground  vertically  on  supports  to  drain  and  dry  in  good  shape.  This  is 
best  obtained  by  a  frame  hung  over  a  mill  tower,  and  as  all  hose  is  made  in  fifty 
feet  lengths  the  required  height  will  be  easily  determined. 


PRIVATE  FIRE  DEPARTMENT  ORGANIZATION 


CHIEF— ASST.  CHIEF— BATTALION  CHIEF 

f 

V. 

HOSE  COMPANIES; 

Captain — Hydrant  men,  (2) 

Pipe  men  (3)  for  each  hydrant  outlet 

Extra  hose  men  (3) 

LADDER  COMPANIES: 
Captain — Six  ladder  men 


SALVAGE  CORPS: 

Number  of  men  to  be  determined 
by  size  of  property 


PUMP  MEN 

STEAM   PUMP  ROTARY  PUMP 

Engineer  in  charge  Engineer  in  charge 

Extra  men  to  fire  boilers  Extra  men  to  assist 

Special  Note.  The  foregoing  detailed  suggestions  for  the  formation  and 
ikuaintenance  of  a  large  or  small  private  fire  department  will  be  found  to  embrace 
^^^^Kdent  general  data  upon  which  to  base  an  organization  for  special  emcrgen- 
^^^^  such  as  may  be  found,  particularly  in  department  stores.  In  applying  these 
^^^^gestions,  however,  to  meet  the  needs  of  these  special  cases,  the  application 
^^  ^the  recommendations  will  devolve  upon  the  persons  in  charge  of  each  indi- 
^^nal  property. 

Notes.    While  this  is  the  first  occasion  upon  which  consideration  has 

given  thi4  subject  by  this  association,  it  is  a  well-known  fact  that  many 

propertiee  having  individual  fire  protection  have  for  several  years  past 

^^^X^ported  private  fire  departments  thoroughly  organized  and  drilled  and  in 

^^  harmony  with  the  public  department,  and  it  is  needless  to  say  that  this 

^''"wigemcnt  greatly  enhances  the  value  of  the  apparatus  at  the  risk,  as  well 

^  being  of  more  assistance  to  the  public  department. 
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In  view  of  thr  wtll-known  importanrv  of  thit>  Hubicrt,  your  i 
IvpU  thai  it  will  be  dcvirable  to  priot  for  genenl  diHtribution 
I'inhocliM  in  this  report,  bciuR  very  particular  to  point  out  that  they  in  u 
fixed  rules  to  be  applied  to  ever>'  property,  but  merely  coDtaiD  ideuforcn- 
xideration  and  application  to  Rurh  extent  as  the  needs  of  eftch  pwtinikr cMt 
demand. 

Watchman  Service.  A  watchman  service  without  proper  snpo^ 
\-bion  ovtT  the  watchman's  performance  of  his  duties  is  maufestl}- 
of  little  value  and  consequently  is  not  recognized  by  insiuaoce  under 
writers.  To  make  a  watchman  senice  efficient,  the  watchman  ihoidd 
visit  certain  designated  places  or  stations  at  regular  intervik,  inj 
at  these  stations  be  ahadd  r- 
cord  the  time  of  his  visit  Hot 
are  three  methods' tif  taiaii 
this  record,  viz,  theCmtnlSb- 
tion  S>-3tem,  the  Slatiair 
Recorder,  and  the  Itotabit 
Recorder. 

The  Central  StatiOB  Sp- 
terns,  usually  managed'tf  cv 
tain  telegraph  or  httt^HitiiaiB 
companies,  have  a  typetiwtd 
box  similar  in  many  hUpECtats 
a  fire  alarm  box,  fig.  161,  Itii 
usufllly  operated  by  inacrtiBgi 
key  and  winding  a  qwing.  Hk 
releasing  of  the  sfning  setl  ■ 
toothed  wheel  revolving  idndi 
makes  electrical  contact  with 

Fig.  101.     Inleri.ir  VU-K  .i(  WWcbmsD's  -^      ■  j       ■        •     ..      r. 

si6i.ai  ik,i  8  registering  de\nce  in  the  Cen- 

tral Station,  Fig.  162.  E«4 
station  box  has  a  special  number  and  the  teeth  on  the  wheel  are  spand 
til  corrcspoiitl  with  this  luimher,  Tlie  registering  de\-ice  at  the  Centnl 
Station  prints  vn  paper  tape  a  mark  for  each  tooth  on  the  wheel. 
\Vhen  the  signal  is  transmitted  to  the  Central  Station  the  operator 
notes  the  time  it  is  received  on  the  register  tape.  .\  schedule  time 
is  set  for  the  watt-hman  ti>  visit  the  stations,  and  if  the  signal  is  Dot 
n'ci'ivcd  witliin  ten  minutes  of  the  schedule  time  a  reser\'e  watdn 
man  or  "ninniT"  at  the  Central  Station  is  sent  to  investigate  the 


In  case  of  need  this  nwri  performs  the  duties  of  the  regular 
A  dail}'  statement  of  the  watch  service  is  furnislied  to 
interested  parties  by  the  Centrnl  Station. 

These  watch  station  boxes  are  alao  arrange  to  transmit  a  fire 
alarm  signal.  In  one  t>'pe  of  station  box  there  is  a  small  piece  of 
glass  set  in  a  comer  of  the  box  cover,  Fifr.  163.  liy  breaking  the  glass 
the  box  may  be  opened  and  a  lever,  Fig,  164,  pulled  down  which 
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Thi*  siutii>imr,\-  rt'cwnler  ami  porUtble  recorder  are  usuRlly  dock 
mechanisms.  Tho  reconliii);  device  each  time  it  is  operated  makes 
a  distinctive  muk  on  a  sheet  of 
paper  divided  into  hours  and 
minutes.  These  clocks  make 
available  a  record  of  the  watdi- 
man's  patrols  but  exercise  no 
super^'isioD  over  his  work  as  does 
the  Central  Station. 

The  stationary  recorder  b  m 
appearance  much  like  an  w&- 
narj-  office  clock,  Fig.  165.  It  is 
operated  by  electridty,  and  the 
marking  mechanism  is  a  needle 
point  held  back  of  the  paper 
record.  The  point  is  on  one  end 
of  a  pivoted  lever  bar  and  at  the 
other  end  there  is  an  electro-mag- 
net. The  lever  bar  is  attracted 
and  forces  the  point  into  the 
paper  record  whenever  electrid^ 
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The  requisites  for  an  approved  watchman  and  clock  service  kc 
as  follows: 

1.  Patrala  to  be  made  every  night,  alao  during  the  dfty  time  on  Sundifiu^ 

holidaya,  and  at  all  other  times  when  biuineeB  u  suspended. 

2.  Patrols  to  be  made  hourly,  and  to  bepn  immediately  after  the  di;'t  W- 

nesa  ia  ended,  and  to  continue  imtil  just  before  the  day's  buinM  ii 
resumed. 

3.  Stations  to  be  bo  located  that  the  watchman  will  be  compelled  to  aroHt 

every  part  of  the  premises.  Stations  to  be  numbered  in  the  ixdtrik 
watchman  is  required  to  make  his  patrol. 

4.  The  watchman's  records  to  be  preserved  for  at  least  thirty  days. 

5.  The  wati-hntaD's  lantern  to  be  of  the  locked  safety  pattern,  withthtidpil 

jMTmanently  fastened,  or  if  removable,  to  be  contained  within  tht  In- 
tern  bade  and  removed  by  Ufiini;  from  the  top.  To  bum  only  aipil 
lard,  or  spirm  oil. 


iichmnn'*  PonsblE  Rteording  Dcri< 

RULES  AND  REQUIREMENTS  OF  THE  NATIONAL  BOARD 

OF  FIRE  UNDERWRITERS 

WATCHMAN'S  TIME  RECGRDINQ  APPARATUS 

Central  Station  Systems,  (a)  Must  not  have  more  than  forty  boni 
conoeetcd  im  a  single  circuit,  nor  Dhall  more  than  five  watchmen  report  on  i 
single  circuit . 

(h)  Mail  be  m>  arranged  that  fire  signals  which  shall  be  distinct  (ram 
watch  aitcniLln  c!Ln  be  iictit  from  each  station  installed. 

(cj  Watch  boxes  nmst  be  of  an  approved  pattern,  must  be  used  form 
other  purpose,  and  must  be  located  as  required  by  the  Inspection  DepartmeDt 
having  juried  id  ion. 

When  specific  locations  of  watch  boxes  are  not  furnished  by  the  Inspec- 
tion Dcpiirtment  having  jurisdiction,  they  must  be  located  so  that  the  watrh- 
Tiiaii  in  his  niunds  will  ci>vcr  plant,  and,  in  addition,  must  conform  with  the 
following: 

Musi  be  lix-ated  so  that  from  any  part  of  the  plant  equipped,  not  more 
than  2<K)  feet  will  have  to  be  traversed  in  order  to  reach  a  box. 

Must,  where  buildings  are  more  than  one  story  in  height,  have  a  boi  oo 
1  hi-  first  stori-,  nnil  ;it  least  one  in  alternate  stories,  i.e.,  3d,  5th,  7tb,  etc.  VTbm 
liuildings  h.ive  siiinle  flixir  area  of  7,">0n  square  feet,  or  oii-er,  there  shall  be  at 
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UnderwritersIaboratores 
inspected  rre  5  watch  box 

NO   3001 


Must,  where  any  plant  or  building  equipped  is  divided  into  sections,  have 
5  boxes  in  each  section  located  to  agree  with  above  rules,  account  not  being 
cen  of  boxes  in  any  other  section. 

(d)  Complete  and  satisfactory  tests 
all  transmitters  must  be  made  by  in- 
Jling  companies  monthly  and  results 
x>rted  to  the  Inspection  Department 
ving  jurisdiction. 

load  or  Private  Statioiuiy  Sys-  ««■  j^i^UTwr^b^^'a^i^'^^ 
ns.    (a)  The  clock  used  must  run  for 

least  eight  days  without  rewinding,  and  must  be  so  encased  that  watch 
»rd  dials  can  not  be  seen  without  opening  door,  and  so  arranged  that  open- 
I  or  closing  of  door  will  make  a  distinctive  record  on  dial,  this  to  be  done  by 
schanical  means. 

(6)  Records  must  be  made  by  perforating  a  paper  dial  and  the  punctur- 
g  device  must  be  so  arranged  that  it  is  not  liable  to  stick  in,  adhere  to,  or  tear 
le  dial. 

(c)  Magnetos  must  be  used  lor  the  transmission  of  signals,  must  be  of 
Q  approved  type,  and  may  be  either  portable  or  fixed  at  each  station. 

Notk:  Where  single  station  clocks  are  employed  the  recording  apparatus  may  be 
wnted  by  an  approved  mechanical  device. 

((f)  Stations  must  be  placed  as  required  by  the  Inspection  Department 
iving  jurisdiction. 

Portable  Watch  Clocks,     (a)  The 
clock  used  must  run  for  at  least  48  hoiu*s 
without  rewinding,  must  be  substantially 
mounted  and  strongly  encased.     It  must 
be  made  so  that  the  watch  record  dial 
can  not  be  seen  without  opening  the  case 
and  so  that  it  can   not  be  opened  with- 
out puncturing  or  cutting  the  dial. 
Ch)  Records  must  be  made  by  embossing  or  puncturing  the  dial  and  must 
^s^ily  legible.    Dial  must  be  of  sufficient  size  so  that  time  at  which  the 
is  made  can  be  accurately  determined. ' 


^ 
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TIME  DETECTOR 


9-   160.     Underwriters'   Laboratories 
■o«l  for  Watchman's  Time  Recorder 


•ECTEl 
INACNETOI 
STATION 


Fig.  170.     Underwriters' 
Laboratories  Label 


Fig.  171.     Underwriters* 
Laboratories  Label 


(c)  Stations  must  be  located  as  required  by  the  Inspection  Department 
^yuig  jurisdiction,  and  fixed  so  they  can  not  be  removed  without  giving 
^'i^ce  of  the  fact. 
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Keys  must  be  made  so  that  they  are  difficult  to  duplicate,  and  mutt  be 
of  a  pattern  susceptible  of  variations  tending  to  reduce  the  probability  that  t 
set  of  keys  fitted  for  one  clock  will  operate  other  clocks. 

Boxes  for  Central  Station  Systems.  Combined  Watchmen's  Call  and 
Fire  Alarm  Boxes  for  use  in  connection  with  approved  normally  closed  circuit 
Central  Station  Watchmen's  Time  Recording  Apparatus,  shown  by  tests  and 
examinations  conducted  by  the  Underwriters'  Laboratories  to  be  in  accordanoe 
with  the  rules  of  the  National  Board  of  Fire  Underwriters,  and  examined  at 
factories  and  passed  by  Underwriters'  Laboratories,  Inc.,  can  be  distinguished 
by  labels  fixed  to  the  outside  of  the  clock  cases  reading  as  in  Fig.  168. 

Apparatus  for  Local  or  Private  Systems.  Watchmen's  Time  Recorden 
shown  by  tests  and  examinations  conducted  by  Underwriters'  Laboratories  to 
be  in  accordance  with  the  rules  of  the  National  Board  of  Fire  Underwriten, 
and  examined  at  factories  and  passed  by  Underwriters'  Laboratories,  Inc.,  can 
be  distinguished  by  labels  fixed  to  outside  of  clock  cases  reading  as  in  Fig.  169. 

A  dccalcomania  transfer  is  applied  to  the  outside  of  the  clock  station 
reading  as  in  Figs.  170  and  171. 
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PART  IV 


PUBLIC  FIRE  PROTECTION 

WATER  SUPPLY  SYSTEMS 

Introduction.   Judged  from  a  fire  insurance  standpoint  the  value 
of  the  water  supply  at  any  particular  place  depends  first,  upon  the 
Tn^TimiiTTi  amount  of  water;  second,  upon  pressure  or  mechanical 
means  available  for  putting  this  water  onto  a  fire;  and  third,  upon 
the  degree  of  dependability  of  both  these  requisites.    As  these,  in 
turn,  depend  upon  the  source  of  the  water  supply  and  the  method 
of  distribution,  it  is  e\'ident  that  the  problem  of  judging  the  adequacy 
of  the  water  supply  at  any  definite  point  is  a  complex  one,  necessitat- 
ing an  intelligent  examination  of  the  entire  water  supply  system. 
The  inspector  must  possess  not  only  a  knowledge  of  the  fundamental 
laws  governing  the  action  of  water  and  a  working  knowledge  of  the 
principles  of  pumps,  piping  systems,  standpipes  and  other  apparatus 
used  in  distributing  water  in  cities  and  towns,  but — ^what  is  perhaps 
most  important,  from  the  fire  insurance  standpoint — ^he  must  pos- 
sess an  ability  to  judge  whether  the  maximum  supply  upon  which 
reliance  can  be  made  will  be  equal  to  the  probable  maximum  emer- 
gency demand.     The  following  discussion,  therefore,  will  present 
such  physical  principles  and  practical  information  as  is  necessary  to 
carr>'  out  the  proper  functions  of  an  inspector  as  regards  the  water 
supply  for  fire  purposes. 

ELEMENTARY  PRINCIPLES 

Laws  of  Hydrostatics.  Water  is  either  at  rest  or  in  motion. 
Tlie  science  which  treats  of  water  at  rest  is  called  hydrostatics;  that 
which  treats  of  water  in  motion  is  called  hydraulics.  A  knowledge 
of  the  laws  governing  pressure  in  water  and  the  flow  of  water  in  pipes 
is  essential  to  the  understanding  of  our  subject.    For  the  Elementary 

Copyright,  191£t  by  American  School  of  Corrrspondence 
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TABLE  IV 
Convertinc  Feet  Head  Into  Pressure  Per  Sqnare  Inch  of  Water 


Feet 
Head 

Pounds 
Per  8q.  In. 

Feet 
Head 

Pounds 
Per  8q.  In. 

Feet 
Head 

Pounds 
Per  8q.  In. 

Feet 
HeMl 

PMsdi 

1 

.43 

30 

12.99 

95 

41.14 

250 

108.27 

2 

.87 

35 

15.16 

100 

43.31 

275 

119.10 

3 

1.30 

40 

17.32 

110 

47.64 

300 

429.93 

4 

1.73 

45 

19.49 

120 

51.97 

325 

140.75 

5 

2.17 

50 

21.65 

130 

56.30 

350 

151.58 

6 

2.60 

55 

23.82 

140 

60.63 

375 

162.41 

7 

3.03 

60 

25.99 

150 

64.96 

400 

173.24 

8 

3.40 

65 

28.15 

160 

69.29 

500 

j    216.55 

9 

3.90 

70 

30.32 

170 

73.63 

600 

259.85 

10 

4.33 

75 

32.48 

180 

77.96 

700 

:    303.16 

15 

6.50 

80 

34.65 

190 

82.29 

800 

346.47 

20 

8.66 

85 

36.81 

200 

86.62 

900 

;    389.78 

25 

10.83 

90 

38.98 

225 

97.45 

1000 

433.09 

discussion  of  Pascal's  Law  and  its  operation,  and  other  ph}'sicil 
theor>'  on  the  subject  of  water  pressure,  the  reader  is  referred  to 
Practical  Physics,  Part  I. 

The  statement  of  Pascal's  Law  is  as  follows: 

Pressure  exerted  anywhere  upon  a  tcater  surface  is  transmitted 
equally  in  all  directions  and  acts  with  the  same  force  on  all  equal  surfaeet 
and  in  a  direction  at  right  angles  to  those  surfaces. 

An  important  outgrowth  of  this  law  may  be  stated  thus: 

The  pressure  at  any  level  in  water  is  constant  and  corresponds  to 
the  depth  of  this  level  beloiv  the  water's  surface. 

Weight  of  Water.  In  many  hydraulic  problems,  air  pressure 
may  be  neglected  although  it  varies  with  temperature  and  witii  the 
height  above  sea  level.  For  all  altitudes  and  temperatures  with 
which  we  are  interested  it  is  practically  constant  and  is  approxi- 
mately fifteen  pounds  per  square  inch.  The  weight  or  pressure,  of 
water  also  varies  according  to  its  temperature,  and  to  the  substances 
which  it  may  have  in  solution,  yet  in  ordinary  computation  the  values 
generally  used  are: 

Out'  cubic  foot  of  fresh  water  weighs  62.5  pounds 
One  cubic  foot  of  ocean  water  weighs  64  pounds 

I'sing  tliese  values  it  will  be  found  that  a  coluom  of  water  with  a 
(TOSS  section  of  one  square  inch  and  a  height  of  one  foot  will  weigh 
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/  Pounds 

/       ^^^ 

1   Sq.    In. 

Feet  Head 

Pounds 

Per 
Sq.  In. 

Feet  Head 

Pounds 

Per 
Sq.  In. 

Feet  Head 

Pounds 

Per 
Sq.  In. 

Feet  Head 

/       . 

2.31 

30 

69.27 

95 

219.35 

250 

577 . 24 

/       ^ 

4.62 

35 

80.81 

100 

230.90 

275 

643.06 

/          3 

6.93 

40 

92.36 

110 

253.98 

300 

692 . 69 

9.24 

45 

103.90 

120 

277.07 

325 

750.41 

.s 

11.64 

50 

115.45 

130 

300.16 

350 

808.13 

« 

13.85 

55 

126.99 

140 

323 . 25 

375 

865.89 

^^^^ 

16.16 

60 

138.54 

150 

346.34 

400 

922 . 58 

8 

18.47 

65 

150.08 

160 

369.43 

500 

1154.48 

O 

20.78 

70 

161.63 

170 

392 . 52 

lO 

23.09 

75 

173 . 17 

180 

415.61 

XS 

34.63 

80 

184.72 

190 

438.90 

20 

46.18 

85 

196.26 

200 

461.78 

L    "^ 

57.72 

90 

207.81 

225 

519.51 

or  A\iS  pounds;  therefore,  in  order  to  produce  one  pound  pres- 

■ 

a  column  of  fresh  water  must  be ,  or  2.3()9  feet  high. 

.433 

It  is  a  matter  of  common  practice  to  neglect  air  pressure  and  to 

water  pressure  or  "head''  not  in  pounds  per  square  inch  but  by 

tne  height  in  feet  of  the  column  of  water  which  would  produce  this 

Pi'^ssure.    For  example,  a  pressure  of  ten  pounds  is  the  same  as  the 

PJ'^ssure  of  a  column  of  water  23.09  feet  high;  so  this  pressure  would 

^  stated  as  "23.09  feet  head."    Tables  VI  and  VII  a  re  derivedaccord- 

™g  to  this  method. 

AVater  at  Rest.  Our  own 

observation  satisfies  us  that 

'^^   surface  of  water  in  any 

^*^Hael  is  always  level.    This 

^^Uows  from  Pascal's  law;  for 

^^   the  surface  were  not  on  a 

lev-«*l     i.L  ^4.      «..,,  I'^iK    1"2-     "Wttt^r  Seeks  its  Level" 

^^^1   the   pressure    at    any 

^^'^n  level  below  would  vary  from  place  to  place  since  the  depth  of 

^"^ter  at  any  one  point  would  be  different  from  that  at  any  other - 

^  ^"ondition  which  we  know  from  the  stxond  law  (juoted  is  impossible. 

*^is  is  true  not  only  for  a  single  vessel  but  for  a  series  of  vessels  con- 
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nected  by  pipes  as  in  Fig.  1 72.  If  we  pour  water  into  one  of  these  ve»- 
seb,  it  will  rise  in  the  others  and  i^ill  not  come  to  rest  until  the  sur- 
faces in  all  the  \essels  have  reached  the  same  level.  This  also  fol- 
lows from  Pascal's  law,  for  if  we  imagine  a  small  movable  partition 
across  the  pipe  connecting  two  of  these  vessels,  then  the  pressure  on 
each  side  of  this  partition  will  be  proportional  to  its  area  and  to  the 
height  of  the  water  above  it  on  that  side.  Unless  this  is  the  same  on 
Ixith  sides  the  |>artition  will  move  in  the  direction  of  the  smaller 
forct*  and  the  water  will  continue  to  flow  until  it  has  reached  the  same 
level  in  all  vessels  and  until  an  equilibrium  of  pressure  is  establided 
tlmmghout.  The  rule  growing  out  of  this  orinciple  may  be  stated 
thus: 

Water  irill  not  come  to  rejft  until  all  its  free  surfaces  are  at  the  same 
leteL 

Gravity  Systems.     It  is  upon  the  principle  just  stated  that 
gravity  systems  of  distribution  depend.    The  water  is  stored  in  a 
restTvoir  or  tank  elevatt^ii  alx)ve  the  place  to  be  supplied.    It  is  evi- 
dent that  the  gn»ater  the  elevation  of  the  stored  supply,  the  greater 
will  be  the  water  pri'ssurt*  in  the  town.    The  level  of  the  pipes  which 
<listril>ute  the  water  varies  from  place  to  place,  sometimes  rising  to 
the  top  of  high  buildings  or  to  a  high  point  of  land.    The  pressure 
from  the  rescTvoir  or  tank  forces  the  water  down  into  the  distributing 
system  and  it  rises  in  the  pifK^s  to  the  high  parts  of  the  city  and  into 
the  hi^h  buildings  by  the  same  principle  as  that  by  which  it  rose  in 
the  stTies  of  cnninnmicating  vessels.    In  other  words,  the  water  will 
come  tt)  re>t  only  when  all  of  its  surfaces  are  on  the  same  level,  that 
is,  when  an  equilibrium  of  pressure  has  been  established. 

Hvdraulic  Gradient.  From  this  it  is  evident  that  there  is  a 
liinitinfT  lu  ight  to  which  water  will  rise  in  the  distributing  pipes  and 
this  limit,  when  no  water  is  U'ing  drawn  fn)m  the  system,  is  the 
height  of  the  surface  of  the  water  in  the  distributing  reservoir.  Sup- 
pose, liowevcr,  that  in  carrying  water  up  a  hill  the  pipes  reach  this 
niaxiniuni  lieight ;  tlu»  water  at  this  point  is  then  under  no  pressure 
whatever.  Furthernion*,  from  any  actual  system,  water  is  constantly 
being  drawn,  and  this  flow  reduces  the  height  to  which  the  i^Titer 
can  rise.  The*  level  to  which  water  will  rise  in  any  given  system  is 
called  its  "hydraulic  gra<lient,"  and  this  level,  of  course,  varies  as 
the  amount  t)f  water  being  drawn  from  the  system  increases  and 
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*creases.  In  examining  a  system,  care  must  be  taken  to  see  that  at 
>  plaoe  are  the  pipe  lines  so  high  that  water  can  not  be  supplied 
i^e  when  the  draught  elsewhere  is  great.  If  this  height  above  the 
rdraulic  gradient  is  simply  a  hill  or  ridge  beyond  which  the  level 
the  city  is  low  again,  the  water  may  be  carried  over  the  height  to 
le  section  beyond  by  means  of  a  siphon,  as  described  in  Practical 
dysics  Part  I,  and  also  later  in  this  article. 

High  and  Low  Service.  If,  however,  this  high  section  covers  a 
rge  area,  it  may  require  a  separate  distributing  system  with  the 
"essure  obtained  either  from  an  additional  reservoir  or  by  direct 
imiMng.  Cities  having  more  than  one  level  and  requiring  different 
'essures  in  diflFerent  sections  are  said  to  have  "high  and  low  service." 

LAWS  OF  WATER  FLOW 

Velocity  of  Efflux.  Imagine  a  tank  in  which  the  water  is  main- 
lined at  a  constant  height  by  water  flowing  in  at  the  top,  and  which 
IS  attached  near  the  bottom  a  hose  and  nozzle.  From  considerations 
ready  given  in  Practical 
hysics,  the  rate  of  flow  from 
lis  nozzle  depends  upon  the 
ressure.  Let  Hy  Fig.  173, 
present  the  difference  in 
eight  in  feet  between  the 
vel  of  the  nozzle  and  the 
vel  of  the  water  in  the  tank. 
ecause  of  its  greater  height, 
le  water  entering  the  tank 
AS  greater  potential  energ>'  than  the  water  leaving  the  nozzle,  the 
nount  of  energ>-  in  foot  pounds  being  equal  to  the  product  of  the 
*ight  H  by  its  weight,  that  is,  H  foot  pounds  per  pound  of 
ater.  This  potential  energy  of  the  water  in  the  reservoir  develops 
;  the  nozzle  orifice  a  certain  amount  of  pressure  which  is  capable  of 
ving  to  the  water  the  equivalent  kinetic  energy,  or  energy  of  motion. 
pom  Practical  Physics  Part  II  the  amount  of  this  energy  is  propor- 
onal  to  the  amount  of  the  water  and  to  the  square  of  its  velocit\', 
•  for  each  pound  of  water  the  energy  is  I^  foot  pounds,  where  I'  is 
3  velocity  in  feet  per  second  and  g  is  the  increment  of  gravit}',  or  2g 
le  amount  that  the  velocity  of  a  falling  body  would  increase  each 


— 

/ 

1 

kV 



. _ 

1 



1 

1 

_/ 

Fig.  173.     A  stream  of  Water  Rises  as  High 
as  its  Source 
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TABLE  VIII 
Fire  Streams 
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59 

50 
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70 
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set-onil.  If  we  iicnlwt  tin-  loss  of  <'iierg,v  due  to  «Id\-  currents  and 
t(i  friction  iigaiiist  tin-  pi(H's  diit'  to  the  motion  of  the  w-ater,  then 
thi'sc  two  cxiircssionn.  one  n']>rfsenting  the  ixttential  energj"  of  tbt 
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K*ater  in  the  tank  and  the  other  representing  the  kinetic  energy  of 
the  water  as  it  issues  from  the  nozzle,  must  be  equal;  that  is, 

2g 

The  velocity  V  is  exactly  that  which  would  be  acquired  by  the 
nrater  falling  from  the  height  H.  Therefore,  if  the  nozzle  were 
lirected  upward,  the  water  would  rise  with  a  velocity  V  and  would 
lot  stop  until  the  jet  had  reached  the  level  of  the  water  in  the  tank. 

Principles  of  Hose  Streams.  It  is  upon  the  principle  just  stated 
that  the  action  of  hose  streams  depends.  The  water  as  it  leaves  the 
Dozzle  is  endowed  with  a  sufficient  amount  of  kinetic  energy  to  send 
it  upward  to  a  height  equal  to  the  height  of  its  course,  neglecting  the 
kwaes  due  to  pipe  and  air  friction.  If  the  stream  be  directed  in  any 
other  direction  it  will  travel  until  the  attraction  of  gravity  brings  it 
to  earth,  or  until  it  has  come  into  contact  with  some  other  body  and 
its  energ}'  expended  in  heat.  Table  VIII  gives  data  concerning  hose 
stTeams  produced  by  different  pressures. 

Velocity  of  Jets.  The  velocity  with  which  this  jet  is  projected 
may  be  found  by  solving  the  equation  already  given  for  V,  viz, 

where  H  is  the  height  of  water  about  orifice,  Le,,  the  feet  head  at 

tliat  point;  and  g  is  32.2  feet,  the  acceleration  of  gravity.    This  is 

called  the    theoretical    velocity.     The    actual 

velocity  varies  according  to  conditions,  but  the 

•verage  lies  between  97  to  99  per  cent  of  the 

"^^retical  velocity.    This  quantity  expressing 

^  ratio  between  the  actual  and  theoretical 

value  is  called  the  coeffi/nent  of  velocity.    Rep- 

'^sentmg  it  by  C„,  we  have 


Fig.  174.     Shape  of 
Streams  from  Dif- 


actual  velocity=r,  I  2gH  "fJ?SS  oTces 

iHfcharge.  A  stream  of  water  issuing  from  an  orifice.  Fig.  174, 
^otracts  60  to  70  per  cent  of  the  area  of  the  orifice  from  which  it  issued. 
*^  factor  showing  the  per  cent  of  contraction  is  called  the  coefficient 
^  contraction  and  may  be  represented  by  C^.  Since  the  amount  of 
^^  flowing  past  one  point  in  this  stream  must  be  the  same  as  the 
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TABLE  IX 
Values  of  Coefflcleiic  of  DischarKC  for  ClrcuUr  Vertical  Orifices  (Smlthi 
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.OvO 

.595 

2u 

(Mil 

3*n» 

.  .■»SI7 

.."»»6 

.596    1 

.596 

.«994 

."HI 

.VM» 

.  .V.i.'i 

.V.»4 

.  594 

.594 

.594 

.593 

lINI 

.V.Ki 

.v»_> 

.V.rj 

."»«»2 

.592 

592 

.592 

aiiiDUut  Hiiuiii^  past  any  other  point,  the  velocity  must  be  greatest 
wluTC  thf  stn»ain  is  smallest.  The  value  of  V  as  found  by  the  equa- 
titm  just  ^iven  is  the  maximum  velocity,  i,e.f  the  velocity  at  thk 
point  tif  >:rt'att'st  cuntraction.  Tlie  discharge  from  any  nozzle  or 
ntlicr  (iritirr  i>  ttpial  tn  the  prtMluct  of  the  area  of  cross  section  and 
thf  vt'lo<it\  «»f  the  i»uinj:  strram  huth  takni  at  the  same  paint.  If  J 
^•p^'M'^t'^  x\w  nn-a  tif  tht*  orifice  antl  (\  the  coefficient  of  contiac- 
liori  tlicn  .\(\.  will  l»e  the  area  t)f  one  section  of  the  stream  where  the 
vihuity  ['  is  takt-ii.    Thereft)re,  the  thtH)retical  discharge  is  *    - 

tli>char>:e=  r(jr\.) 

=  A(\,}   fgli 

Puttirii:  in  the  rcK'flint'nts  to  (»htain  actual  values,  we  have 

clischarp'  =  r',  I   Jfjli  (AC,)  • 

=  ^.(\(\:)\a  I  ^^gti) 

Tlu'  i-roduct  of  tilt'  cocflicicnt  of  vehx'ity  and  the  coefficient  of 
contniction  [(\.(\.)  is  callotl  the  curjficient  of  discharge  and  will  be 
npn-srntt'tl  1a  ('.,.  In  accurate  work  the  value  of  this  coefficient  C^ 
sliould  lie  taken  from  a  tahlc  hascd  on  actual  observation  and  experi* 
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TABLE  X 
Redaction  In  Head  (H)  for  Hose  Stream  of  Qlven  Velocity  (V)l 


DQ 

H 
Feet 

V 

Feet  per 
Second 

H 
Feet 

V 

Feet  per 
Second 

H 
Feet 

V 
Feet  per 
Second 

H 
Feet 

m 

) 

* 

> 

0.06 
0.097 
0.14 
0.19 

4 

4.6 
5 
5.5 

0.25 
0.31 
0.39 
0.48 

6 
6.5 

7 
7.5 

0.56 
0.65 
0.76 

0.87 

8 

8.5 

9 

9.5 

0.99 
1.12 
1.26 
1.40 

Table  IX.  When  a  table  is  not  used,  take  an  average  value  .01. 
^ressure  Transformed  to  Velocity.  We  have  seen  that  every 
I  of  water  in  the  tank  and  pipes  has  at  any  point  a  certain 
It  of  potential  energy  which  we  have  expressed  as  H,  then  // 
height  of  water  above  the  given  point,  or  the  pressure  head  in 
We  have  seen  further  that  as  water  issues  from  an  orifice  of 
'^tem  a  certain  amount  of  the  pressure  or  potential  energy 
^  kinetic  energy  or  velocity  head,  each  stream  reducing  the 
re  throughout  the  system  and  consequently  the  height  to 
the  water  can  rise.  -       . 

be  amount  that  each  stream  reduces  the  pressure  can  be  com- 
from  the  equation  page  271,  when  the  velocity  of  the  issuing 
L  is  known.  Table  X  is  computed  from  this  equation.  | 
riction  Loss.  In  the  foregoing  discussion  we  have  neglected 
»es  of  energy  due  to  the  curvature  of  the  pipes,  to  the  changes 
ir  sizes,  and  to  the  friction  of  the  moving  water  against  the 
e  of  the  pipes.  This  is  called  "skin  friction"  and  the  loss  from 
rmed  "frictional  head."  This  friction  loss  is  much  greater  than 
lue  to  any  other  cause  and  is  influenced  by  the  velocity  of  the 
,  and  the  size  of  the  pipes  and  the  condition  of  their  surfaces, 
ast  factor  is  evidently  so  variable  that  no  exact  law  or  formula 
^present  the  loss  in  every  case.  The  expression  given  below, 
is  derived  from  Chezy's  formula,  is  the  best  suited  to  our 
nd  from  it  the  loss  for  any  particular  case  may  be  found. 
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in  "■'i-'  c  i  2?  i.ss'  x  h»fa»i.  V  v-  '.>fix-ir.-.  /  £$taLEice«  and  </ diameter  of 
p-ti^.  Vil  jrtj  c  -r  i-.i  >  IT*  iajutc  fr«a  Darcy's  experiments  on 
^:l-i11  li;*^-  I-  •:'' cjr.'irrlij:  zitt  .:aL5t-inxi  pipe  x=. 00007726  and 
.,  = ..  M# •  t47.  :shl- :  r  '  rr  .i^  rir-» r  =  J>»i;>l5aiid 

In  p-ize*  «. :  tii*r  sizif  ?L:e  An-i  in  ih#  same  state  of  corroaon  the 
fH'-^'.nal  L-r-ii  :r.-:r*ri?*->  in  pri-r^nivn  to  the  square  of  the  velodty 
« f  thr  Titer.  Tir v-r  XI  irl'-es the 'iiichaiw. frictioD  head, and \'ekx3ty 
or  i..T  thr^--izn  -n:*«-:h  pipes  of  .disen^nt  sizes. 

Siamesins  Hose.  *Al>rn  a  water  supply  is  being  investigated 
f«>r  fire  purpi>sr>  thr  L-.-ii^atit^ci  of  a  hi^h  hydrant  pressure  at  a  given 
pLii-^-  :-  :.--t  -?::?:•  >r.:  a-->iranoe  that  the  hydrant  will  give  good  fire 
2*T.:<.»'  th»-r»-:  ft  r  ::  tiiu?t  \i^  neinrmbened  that  a  few  hose  streams 


t 
of 


rijKTatiiip  >inuiltane<»u>ly  at  any  point  will  so  increase  the  velocri'^y^ 
of  the  water  in  tlie  main>  that  the  loss  of  head  from  friction,  in  aJ^*' 
ti<jn  to  the  >mall  loss  due  to  the  use  of  more  than  one  stream  ii^^^ 
the  system,  and  other  minor  losses  will  become  very  great.  If  t:^^ 
res<Tvoir  is  small  or  <listant  fmm  the  town  so  that  the  water 
pass  throufrh  lon^  lines  of  piiH\  the  hydrant  pressure  at  times 
^r(^test  need  may  bt^eome  too  low  to  supply  hose  streams  and 
steam  fire  enj;ines  are  at  hand  to  supply  pressure,  very  little  wa 
(ran  U*  p)tten  onto  the  fire. 

Pn^ssure  head  may  be  saved  by  siamesing  hose,  that  is, 
lines  of  hose  mav  lead  from  the  steamer  and  fiftv  or  more  feet  hm^^ 
of  the  nozzle  be  united  by  a  siamese  coupling,  Fig.  175.  The  reas^^^ 
for  this  is  e\i(lent.  When  a  given  amount  of  water  is  forced  throu^^ 
two  lines  of  hose  instead  of  one,  the  velocity  is  but  half  as  great  a^^ 
consi'fiuently  the  friction  loss  is  much  smaller. 
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TABLB  XII 
Relative  DIscharee  Capacity  of  Pipe 

{J.  T.  Fanniko) 


'"Up^r- 

14  inches 

I2.coh„ 

lOiDFbeg 

Si„ob„ 

6  in.;be. 

4  ioche* 

14  inchw 
12  inches 
10  inches 

8  inches 
6  inches 
4  inches 

1,00 

1.47 
1.00 

2.32 
1-57 
1,00 

4.05 
2.75 
1.74 

1.00 

8.32 
5.65 
3.58 

2.05 

1.00 

22.04 
15.60 

g.ss 

5.66 
2.75 
1,00 

Carrying  Capacity  of  Pipe.  Since  the  larger  the  pipe  the 
smaller  the  loss  by  friction,  the  cairj-ing  capacity  of  pipes  of  different 
sizes  increases  very  rapidly  as  the  diameter  increases.  The  cany- 
!□!  capacity  of  pipes  is  approximately  proportional  to  the  square 
root  of  the  fifth  power  of  the  diameter.  Thus  the  ratio  of  the  capac- 
ity of  a  3-inch  to  that  of  a  6-inch  pipe  is  V'3^:l/6' or  15.5:88. 

Table  XII  shows  the  relative  capacity  of 
pipe. 

Sqihon.  Up  to  this  point  we  have  neg- 
lected air  pressure.  There  are,  however,  cer- 
tMn  dCTices  for  carrjing  water  from  one  place 
to  another,  the  operation  of  which  depends 
upon  this  pressure.  Mention  has  already  been 
Kuule  of  the  siphon  as  a  means  sometimes 
employed  for  suppljing  water  to  a  place 
Wond  a  rise  above  the  hydraulic  grade  line. 
A  siphon  consists  of  a  bent  tube  such  as 
^^CDin  Fig.  176,  one  end  of  which  is  longer  ^  _ 

tlan  the  other.  This  tube  is  filled  with  liquid         ^.    „„    „  ,.       '* 

.  ^  Fig.  170.     Siphon 

'W  the  short  end  immersed  in  liquid.     The 

pressure  forcing  the  water  up  into  the  tube  is  the  pressure  of  the  air, 
*wch  is  about  fifteen  pounds  to  the  square  inch,  minus  the  weight  of 
*  column  of  water  B  C.  The  pressure  forcing  the  water  up  the  tube  at 
'' "s  the  pressure  of  the  air  minus  the  column  of  water  C  D.  Since 
'  ^  is  longer  than  B  C  the  pressure  at  -I  is  the  greater  and  the 
'■»W  will  flow  out  at  D. 
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Barometer.  The  water  barometer  also  depends  upon  air 
presjjure.  i  See  Practical  Physics  Part  I.)  If  the  end  of  a  long  tube 
be  immers**d  in  water,  the  water  will  stand  but  a  trifle  higher  than 
that  outside,  this  slight  difference  being  due  to  capillar^'  attraction. 
If,  however,  the  air  be  pumped  out  of  the  tube  and  the  top  ti^tly 
s<-alerl  the  water,  relieved  of  all  air  pressure  inside  would  be  forced 
into  the  tul)e  by  the  continued  air  pressure  outside  until  the  weight 
of  the  water  column  inside  the  tube  balanced  the  pressure  of  the  air 
outside.  The  atmospheric  pressure  of  fifteen  pounds  to  the  square 
inch  will  support  a  column  of  water  of  one  square  inch  cross  section 
ai»d  thirty-four  feet  high.  The  oi)eration  of  the  majority  of  pumps 
dei>en<b  upon  this  fact — that  water  ^ill  rise  in  a  vacuum. 

Water  Hammer.  When  a  column  of  water  in  motion  is  sud- 
denly checked  by  the  closing  of  a  valve,  by  the  pressure  of  a  pump's 
plunger,  or  by  any  other  force,  a  pressure  is  developed  which  b  veiy 
much  greater  than  the  static  pressure.  This  pressure,  called  wafer 
hnmmrr,  is  often  sufficient  to  burst  pipes,  the  amount  of  pressure 
cleiK'ndiiig  \i\Hm  the  length  of  the  pipe,  the  velocity  of  flow,  and  the 
rapi(lit\'  with  which  it  is  stop|x?<l.  In  designing  pipe  distributing 
systems  and  [mmps,  this  force  must  \ye  considered  and  air  chambers 
or  relief  valves  provided  to  take  up  the  shock. 

SOURCES  AND  COLLECTIONS  OF  WATER  SUPPLY 

Sources.    Rain  and  snow  are  the  primary  sources  of  all  water 
supply.    The  water  iHTcolates  into  the  ground  until  it  reaches  ^ 
impenetrable  stratum  along  which  it  flows  until  this  stratum  eith^ 
directs  it  again  to  the  surface  cr  until  at  some  low  level  a  quanti^- 
sufficient  to  permeate  the  soil  collects  and  overflows  to  the  surf^^ 
in  springs.    The  water  of  a  sufficient  numl)er  of  springs  collecting  ^ 
valleys  and  other  land  depressions  i)r(xluces  ponds  and  lakes  wh<^ 
overflow  pnKluces  rivers  and  streams.    It  is  from  these  natural  accU*^ 
ulations  of  water  that  the  majority  of  cities  and  towns  derive  tl^^* 
water  supi)Iy. 

There  are  many  sections  of  country,  however,  where  the  w^*^' 
accumulattnl  on  the  top  of  the  first  impenetrable  stratum  of  soil  ^ 
inadcduate  and  where  lake  or  river  water  is  inaccessible.    Bv  hoti^S 
through  this  first  impenetrable  stratum,  a  second  accumulation  ^' 
water  is  reaclieil  which  has  percolattnl  into  the  soil  from  region^ 
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)eyond  the  area  of  the  first  impervious  layer.  Often  the  land  forma- 
ion  is  similar  to  that  in  Fig.  177,  so  that  this  second  water  is  under 
)ressure  and  when  the  supply  is  tapped  at  some  low  point,  the  water 
s  forced  up — sometimes  to  a  great  height  above  ground.  Such  bor- 
ngs  are  known  as  artesian  wells  and  from  these  also  the  water  sup- 
ply for  many  places  is  secured.  The  quantity  of  water  obtainable 
rem  rivers  and  lakes  is  often  greatly  reduced  in  seasons  of  drought, 
o  that  localities  depending  upon  such  sources  for  their  water  supply 
hould  have  in  addition  an  impounding  reservoir  of  sufficient  capacity 
o  supply  the  maximum  demands  for  fire  and  domestic  purposes  in 
he  season  of  drought.  When  a  dependable  source  of  supply  has  been 
leterniined  upon,  then  the  best  means  of  distribution  must  be 
lecided. 


FJK.  177.   Formation  of  Strata  Giving  Artesian  Well 

Distribution.  Natural  Head.  Rarely  is  a  place  so  fortunate  as 
to  have  its  supply  near  enough  and,  at  the  same  time,  elevated  to  a 
sufficient  height  for  it  to  flow  directly  into  the  distributing  reservoir 
^d  pipes.  Frequently,  however,  there  is  a  point  of  land  near  by, 
elevated  200  feet  or  more  above  the  general  level  of  the  town,  and 
wherever  such  is  the  case,  none  but  a  gravity  system  should  be  used, 
Ae  distributing  reservoir  being  built  on  this  elevation.  It  is  best 
^0  guard  against  the  possibility  of  a  conflagration  and  to  make  ample 
allowance  for  a  reasonable  growth  of  the  town  by  building  this  reser- 
^*oir  large  enough  to  hold  water  enough  for  several  days*  domestic 
^nsumption  and  over  and  above  this  a  good  reserve  for  fire  pur- 
P'^s^.  Sometimes,  however,  it  has  often  been  necessary  to  econo- 
^'^^  in  the  size  of  the  reservoir,  or  the  growth  of  the  town,  since  its 
^^ruction  has  been  such  that  the  capacity  is  sufficient  for  only 
y^^lve  hours  domestic  consumption  and  fire  draft.  In  such  a  case, 
^  ^e  reservoir  is  kept  filled,  it  may  be  considered  a  safe  allowance 
'^  the  ordinary  fire  for,  with  this  reserve  in  case  of  accident  to  the 
^^ps  supplying  the  reservoir  repairs  coukl  be  made  or  steam  got- 
^  up  in  reserve  pumps  before  the  supply  is  exhausted.    It  is  not 
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towards  the  end  of  the  supply  this  pressure  is  sufficient  only  to  fill 
the  mains,  being  available  for  fire  purposes  only  where  there  are 
suction  stream  fire  engines.  From  this  it  would  be  seen  that  stand- 
pipes  are  seldom  large  enough  to  furnish  water  for  fire  service.  The 
best  that  can  be  said  of  them  is  that  in  case  of  fire  they  can  furnish 
water  during  the  interval  necessary  to  start  the  pumps  for  continu- 
ing the  supply.  Even  this  is  only  true  in  case  the  standpipe  is  kept 
filled;  as^a  matter  of  fact,  in  many  small  places  the  standpipe  is  filled 
by  a  fewliours  pumping  daily  or  on  alternate  days,  so  that  the  water 
becomes  very  low  from  the  domestic  draft.  With  the  engineer  and 
the  fires  ready  only  at  intervals,  the  supply  is  so  unreliable  as  to  be 
counted  worthless  for  fire  service. 

Aside  from  these  faults  of  insufficient  supply  and  pressure,  the 

standpipe  itself  is  so  liable  to  accident  that  it  can  be  considered  of 

no  great  value  in  a  case  where  absolute  dependability  is  of  great 

importance.    Besides  the  tremendous  weight  of  the  water  which  the 

tank  and  the  trestle  have  to  support,  they  have  also  to  resist  the 

varying  pressure  of  the  wind.    If  steel  or  iron  form  a  part  of  the 

structure,  as  is  nearly  always  the  case,  great  care  is  necessary  to 

keep  every  part,  especially  the  angles  and  joints,  thoroughly  painted 

to  prevent  weakening  by  corrosion.    Iron  and  steel   expand  and 

contract  with  the  changes  of   temperature,   and  either  extreme 

'^^at  or  extreme  cold  may  seriously  weaken  the  structure.   To  reduce 

friction  loss  it  is  necessary  to  have  the  standpipe  near  the  town,  which 

■ 

increases  the  danger  of  its  being  injured  by  a  conflagration  or  an 
*di*cent  fire.  But  the  most  serious  danger  in  winter  is  probably 
^t  of  ice  forming  on  the  surface  of  the  water  in  the  tank.  When 
^^  Water  is  drawn  down  there  is  left  suspended  a  cake  of  :ce  which 
**  ^ceedingly  likely  to  fall.  The  force  of  this  great  weight  fallng 
^  to  30  feet  to  the  surface  of  the  water  is  tremendous  and  many 
^^dpipes  are  weakened  or  broken  by  such  a  shock. 

** Holly  System"  Another  method  of  distribution  is  the  ''Holly 
^^tem"  or  the  so-called  "direct  pressure"  system  of  pumping  the  water 
™^ctly  into  the  distributing  mains.  The  efficiency  of  this  method 
^  PW)portional  to  the  pump's  ability  to  respond  to  all  variations 
^  consumption  and  to  the  instant  demands  for  fire  purposes.  When 
this  system  is  used,  it  is  necessar\^  that  the  pumping  station  receive 
"^c  alarm  of  fire  so  that  the  pressure  can  be  increased.    To  do  this  in 
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the  shortest  possible  time,  it  should  be  so  arranged  that  the  fire  alum 
may  be  electrically  transmitted  to  the  pumping  houses  and  to  the  fire 
engine  house  at  the  same  time;  and  that  there  always  be  extra  pomps 
and  steam  pressure  instantly  available  to  respond  to  the  incrasHl 
need.  Such  a  system  usually  gives  better  results  in  large  cities  than 
in  small  communities ;  as  in  the  larger  places  the  equipment  b  likdr 
to  be  kept  in  better  working  condition  and  the  capacity  of  the  pomps 
be  made  so  large  that  the  work  of  supplying  the  extra  water  needed 
in  case  of  fire  is  not  relatively  so  great  a  tax  upon  the  system. 

Fire  Boats.  Cities  bordering  on  the  water  front  usually  lave 
fire  boats  for  the  additional  protection  of  their  water  front.  Tkese 
boats  are  equipped  with  very  powerful  pumps  which  draw  fran  the 
water  about  them  and  either  convert  it  into  hose  streams  to  fight  a 
fire  near  the  water's  edge,  or  else  pump  it  into  a  special  main  laid  for 
the  purpose  of  carrying  this  water  under  big  pressure  to  congested 
districts  of  the  city  where  values  are  great  or  buildings  are  of  unusual 
height,  thus  securing  such  parts  the  extra  protection  needed.  (Sr 
High  Pressure  systems,  Fire  Insurance  Inspection  Part  V.) 

Miscellaneous  Systems.  Numerous  small  villages  have  no  sys- 
tem of  water  works  and,  in  case  of  fire,  depend  upon  icells,  pumpf, 
pondSf  and  cisternsy  from  which  water  can  be  drawn  by  indinduals 
or  by  a  hand  pump  fire*  engine  operated  by  a  volunteer  fire  depart- 
ment. From  an  insurance  standpoint,  this  arrangement,  due  to  its 
slowness  of  getting  into  o})eration,  its  great  unreliability,  and  the 
meagemess  of  its  water  supply,  receives  no  credit  as  a  factor  of 
safety,  and  the  rate  for  buildings  of  great  value  or  of  unusual  rkk 
in  such  a  conmiunity  is  high. 

A  factory,  mill,  or  any  })lant  of  great  value  in  such  small  com- 
munities is  often  built  upon  the  edge  of  a  pond  and  is  proxided  with 
its  own  appliances  for  using  this  water  in  case  of  fire.  If  such  a  site 
is  not  available,  the  plant  or  the  conununity  may  pronde  a  jirt 
cistern  kept  filled  by  flowing  water  or  by  pumps  and  thus  have  ready 
some  supply  of  water  for  use  by  the  local  fire  department. 

Comparison  of  MctluHls  of  Distribution.  In  comparing  these 
methods  of  distribution  and  ranking  them  according  to  their  degree 
of  excellence,  it  will  be  s(*eii  that  the  gravity  system  when  the  resenoir 
is  sufficiently  elevated  to  assure  good  hydrant  pressure  under  full 
draft  (SO  pounds  to  the  sc^uare  inch  or  more)  is  the  best  for  fire  sen- 
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ice,  for  in  such  a  system  the  pressure  is  instantly  and  constantly 
available;  moreover,  the  pressure  on  the  distributing  pipes  is  con- 
stant and  the  danger  of  their  breaking  is  much  less  than  when  unusual 
pressures  are  suddenly  used.  If  such  a  system  is  not  possible,  then 
the  best  provision  is  to  have  some  ready  stored  supply  such  as  in  a 
reservoir  or  standpipe,  from  which  steam  fire  engines  can  draw  until 
the  pumps  can  be  made  ready  to  give  direct  pressure.  If  conditions 
eliminate  the  possibility  of  either  of  these  systems,  then  direct  pumj)- 
ing  must  be  used. 

The  pumping  machinery  should  at  least  be  in  duplicate,  and 
even  in  triplicate  would  be  safer.  Pumps  operated  by  water  power 
are  more  reliable  than  those  operated  by  steam,  and  in  rating  direct 
pressure  systems  the  Universal  Schedule  makes  the  greatest  allow- 
ance for  duplicate  pumps  operated  by  water  power  and  smallest 
allowance  for  pumps  not  in  duplicate  and  operated  by  steam. 

PUMPS 

Principle  of  Action.  A  pump  is  a  machine  designed  to  move 
liquids  from  one  position  to  another.  In  a  very  large  percentage  of 
cases  the  water  supply  for  fire  service  depends  at  some  point  upon 
the  eflSciency  and  reliability  of  certain  pumps,  and,  therefore,  in  order 
for  an  inspector  to  pass  intelligent  judgment  on  such  supply  it  is 
necessar}'  for  him  to  understand  the  action  of  the  pumps  so  that  he 
can  make  an  examination  of  them  according  to  certain  accepted 
standards. 

On  page  278  is  explained  the  reason  for  water  rising  in  a  vacuum. 
The  majority  of  pumps  are  designed  to  make  use  of  this  fact.  One 
end  of  a  pipe  is  immersed  in  water  and  by  means  of  some  displacement 
de\ice  acting  in  a  chamber,  a  more  or  less  perfect  vacuum  is  created 
in  the  pipe,  thus  causing  the  water  to  rise.  Furthermore,  we  have 
seen,  that  at  sea  level  ufider  ordinary  conditions  of  temperature, 
water  would  rise  theoretically  thirty-four  feet  if  the  vacuum  were 
perfect.  But  ordinary  pumping  machinery,  on  account  of  leakage 
of  valves  and  joints,  does  not  produce  a  perfect  vacuum,  and  this 
fact,  in  addition  to  the  loss  of  head  from  friction  (especially  when  the 
water  has  to  be  drawn  a  horizontal  distance  in  addition  to  its  lift) 
and  the  decrease  of  air  pressure  at  high  altitudes,  all  tend  to  decrease 
the  actual  height  to  which  water  will  rise.    From  twenty  to  twenty- 
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TABLE  Xm 

Lift  at  V 


DIrtasces  Abofve  Sea  Levd^ 


1 

1 

H«ch-. 

oflafC 

IIH«ht  Abore  Seat 
L«T»im  Feet 

HeichtafUt 

Pooadt 

F««« 

•    Pounda    j      FtH 

0 

14.7 

33  0 

2.000 

1 

13.7         31.6 

100 

14.6 

33. s 

2,500 

13.4         31.0 

200 

14  6 

33.7 

3.000 

13.2         30.4 

300 

14.5 

33.6 

3.500 

13.0         29.9 

400 

14.5 

3:r5 

4.000 

12.7         29.4 

oa) 

14.4 

3:i  3 

4.500 

12.5         28.9 

6^J0 

14.4 

3:}. 2 

5.000 

12.3         28.3 

700 

14  3 

33.1 

6.000 

11.8         27.3 

800 

14.3 

32.0 

7.000 

11.4     :     26.3 

900 

14  2 

32.9 

S.00O 

11.0         25.4 

1.000 

14.2 

32.7 

9,000 

10.6         24.5 

1.2.50 

14  1 

32.4 

10.000 

(     10.2         23.6 

1.500 

13  0 

32.1 

i 

*Tbe  h^i([ht«  riren  iiv  for  a  prrfert  Tacuam.  In  pimctice,  pumpe  will  (Htiiiumly  ^ 
water  about  eiiJht-teDths  the  height  given. 

eight  feet  may  be  considered  a  good  height  for  suction  lift  at  sea  levd 
with  good  pumps.  A  corresponding  correction  must  be  made  in  the 
values  given  in  Table  XIII  when  they  are  applied  to  actual  practice. 

Intake  Wells.  \Mien  it  is  neces.sary  to  have  the  pump  at  a  dis- 
tance from  the  source  of  supply,  it  is  good  practice  instead  of  bring- 
ing the  suction  pipe  a  long  horizontal  distance,  to  provide  an  intake 
well  near  the  pump.  Such  wells  are  fed  by  the  water  flossing  from 
the  source  through  a  tiled  pipe  extending  and  slanting  from  the 
source  to  the  well. 

According  to  the  method  used  for  forcing  the  water  farther  on 
through  the  s\'stem,  i)umps  are  classified  as  reciprocating  (piston  or 
I)Iunger),  rotary,  centrifugal,  and  screw.  Practically  all  pumps  used 
for  municipal  supply  purposes  or  for  fire  service,  unless  they  are  fed 
by  water  under  pressure,  use  this  suction  method  of  filling  their 
cylinders. 

Reciprocating  Pumps.  A  reciprocating  pump,  as  its  name  ind*' 
cat(*s,  consists  essentially  of  a  piston  or  plunger  moving  back  ^^ 
forth  in  a  cylinder  or  chamber.  Fig.  178  shows  two  methods  of  opei^' 
tion  of  a  simple  form  of  piston  forc*e  pump,  the  piston  acting  verti- 
cally in  the  first  and  horizontally  in  the  sec*ond.    The  piston  by  ^'i^'^* 
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ning  creates  a  vacuum  and  the  water  rises  through  the  suction 
e  and  valve  B;  on  the  reverse  stroke  valve  B  is  closed  and  valve  C 


a  Piiton  Force  P 


Fiji.  ITU.     Two  Method!  of  Oponting  « 

3pened  bj'  the  pressure  of  the  water,  which  is  then  forced  up 
ough  the  discharge  pipe  D. 
In  pumps  of  this  kind  it 
lecessary  that  the  cj'linder 

carefuUy  bored,  and  the 
ton  accurately  fitted  and 
II  packed  to  prevent  loss 

force  by  friction  and  by 
k^  of  the  water  past  the 
ton — "slip,"  as  it  is  called, 
cause  of  the  difficulty  of 
»ntaining  a  tight  piston,  the 
inger  type  is  more  often  used 
■  la^  pumping  machinery, 
te  plunger,  which  is  a  large 
»ft  of  metal,  Fig.  179,  ■rrj  ~f 
aveU  in  a  short  stuffing  box, 
id  by  alternately  entering  and 
ithdrauing  from  the  cham- 
ffs  of  the  pump  creates  suc- 
""  and  pressure  through  the 
P^ration  of  the  valve  V.  fu.  179.  seauoo  of  niunsr  pump 
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Double  Acting  Pumps.  ^Vhm  the  piston  or  plunger  ptodra 
both  suction  and  pressure  on  each  stroke,  it  is  called  "doabk  m. 
ing/'    Fig.  180,  and  such  pumps  are  further  clashed  accoidii|  to 


Fif.  1S1.     niiKniin  Showing  Location  ol  Vacuum  Chamber  in  Pipin*  Sy 

the  manner  in  which  they  are  packed,  as  "outside  center  padw, 
"inside  packed,"  etc. 
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b  double  acting  pumps  the  flow  from  the  discharge  pipe  is  more 
dy  than  in  the  single  acting,  and  the  addition  of  an  air  chamber 
t  i>  in  the  right  hand  diagram  of  Fig.  178,  makes  it  even  more  go, 

at  the  same  time  provides  a  cushion  of  air  to  receive  the  sliock 
he  intermittent  admissions  to  the  discharge  pipe.  The  force  of 
water  entering  the  chamber  compresses  the  air  at  the  top  and  in 
interval  between  strokes  this  compressed  air  forces  the  water 

the  discharge  pipe  thus  making  the  flow  continuous.    The  addi- 

of  a  vacuum  chamber  on  the  suction  pipe  serves  to  take  up  the 


^■>'  IS2.     Pcmpei^tivc  DcsRing  of  Ditplci  PluDicr  Tump  witb  AuiiLisry  Pipin( 

*  due  to  irregularities  of  the  flow  here.  Fig  181  shows  the 
"^^ed  position  of  these  chambers, 

"^pUx  and  Triplex  Pumps.  When  the  length  of  the  suction 
^''d  the  force  lift  are  equal,  the  force  required  to  move  the  plunger 
pston  in  one  direction  is  the  same  as  that  required  to  move  it  in 
eother.  In  most  cases,  however,  the  lift  is  miicli  greater  than  the 
Ktion.   To  reduce  the  shock  and  the  loss  of  iwwer  from  these  une- 
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qual  pressures,  duplex  and  triplex  pumps  have  been  designed  wUdi 

liave  respectively  two  and  three  cylinders,  each  with  its  separate 

e(iuipment  of  valves,  plungers,  etc.,  working  side  by  ^de,  and  each 

operating  in  the  same  suction  and  discharge  pipe.     In  the  duplex 

pump,  Fig.  182,  while  one  plunger  is  forcing,  the  other  is  producing 

suction.    In  the  triplex  pump  the  three  plungers  are  driven  from  a 

shaft  by  three  cranks  or  eccentrics,  set  at  angles,  of  120°  to  each 

other.    Tims  the  amount  of  power  required  to  operate  either  of  these 

pumps  diK*s  not  constantly  vary  as  it  does  when  but  one  cylinder 

is  usihI. 

Index  of  Parts,  Fig.  182* 

/.   Throtth-  Vahr.     Should  ho  ii  globo  valvo. 

;l^.  Sttnm  Trap.  Thid  Ls  shown  connwtetl  at  base  of  steam  pipe  and  should 
111  ways  be  coiinootc<l  as  shown  on  cut  in  order  that  condensed  steam  may 
Im-  prevent e<l  from  entering  the  cylinders. 

,i.  aioU'  Vnlvc.     To  shut  off  the  steam  trap  temporarily  for  repairs. 

4.  l*t}ckct.  For  holding  a  wirt»  cage  for  catching  chips  and  preventing  foreign 
substances  fnmi  entering  the  trap.  This  wire  cage  can  be  removed  and 
cleancnl  without  disconnecting  the  trap. 

f).  Sight'Fved  Lubricator.     This  should  be  connected  at  the  point  shown. 

6*.  Harul  Oil  Pump.  CJliiss  bo<ly,  cai)acity  one  pint,  for  generously  lubricat- 
ing steam  ch(»sts  and  cylinders  when  starting. 

7.  Duplex  Spring  Steam  Gauge  on  Steam  Chest.  It  should  be  connected 
directly  into  the  steam  chest  in  order  that  the  pressure  under  which  the 
pump  is  o|)erating  can  be  determimil.  If  steam  gauge  is  desired  back 
of  the  throttle  valve,  another  one  should  be  ])rovideii  and  placed  any- 
wliere  on  nuiin  steam  pipe  to  suit  the  convenience  of  the  case. 

tV.  Hand  Whirls.  Operating  cusliion  valves  to  regulate  the  length  of  stroke 
of  pump. 

[).    Drip  ('(H'kii  and  Open  Cups.     This  arrangement  should  be  made  strictly 
in  acrordance  with  the  sketch  in  order  that  there  maj-  be  no  steam  con- 
nection from  the  drip  of  steam  cylinders  that  will  allow  the  pressure  to 
accumulate  or  pa.ss  around  to  the  end  of  a  cylinder  when  exhausting. 
Care  should  he  taken  that  the  drip  pipe  does  not  connect  to  the  steam 
trap.     It  should  convey  the  condensinl  steam  to  some  opt»n   drain  pref- 
erahlv  where  it  can  be  seen. 
10.  Uilitf  Valve.     Must  conform  strictly  with  the  Underwriter  pump  specifi- 
cations. 
//    Open  Cone.     For  observation  (.,{  operation  of  relief  valve. 
12.  Waste  Pii>e  from  Relit f  Valve.     This  should  be  at  least  one  size  larger  than 
the  relief  valve  on  pump,  should  have  a  cone  "11"  and  should  be  carried 
to  some  point  where  the  water  can  flow  freely  without  backing  up  into 
the  pump  house. 


♦Whoro  fir<!  pump  is  supplied  from  ntorase  rewrvoir  or  tank,  the  drain  pipe  from  n>lief 
valvo  riuist  h<'  urrHiieod  to  roturn  water  to  the  roHervoir.  This  plan  will  save  water  which  otmr^ 
WiMt  iiiiKht  be  lortt  throuKli  relief  valve;  durinc  fire  or  test. 
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15.  Aoiler  FetA.  This  should  have  a  horizonial  rhe<*k  t'lilve  near  the  pump  in 
the  overhead  pipe. 

i^.  Air, Chamber, 

/J.  DufUz  Spring  Water-Pressure  Gauge.  Thin  gauge  should  he  located  and 
-eonneoted  as  shown  on  cut. 

i^.  Priimii^  Tank,  Capacity  of  priming  tank  HhouUi  be  one-half  of  the  capac- 
ity of  the  pump  for  one  minut«. 

17*  'Priming  Valve,  The  pipe  connection  from  priming  tank  to  pump  in  which 
this  valve  is  located  should  not  be  lens  than  2  inches. 

18.  J^nmiang  Device. 

19.  Friming  Feitte. 

90m  HariMonUd  Check  Valve.  This  valve  should  be  of  the  swinging  pattern,  mak- 
ing straight  water-way  without  obstruction. 

f/.  Indiealar  OaU  Valves.    These  should  be  of  the  target  indicator  pattern — 
'  not  outaide  screw  and  yoke. 
.  Air  Veni,    Brass  gate-valve  and  brass  pipe,  relieving  the  air  cushion  in 

force  chamber  of  pump.    Size  should  be  1'  for  500  gal.  and  750  gal. 

pumps  and  1}'  for  1,000  gal.  and  1,500  gal.  pumps. 

Handle  Drip  Cocks.     For  draining  the  pump  below  the  valves  in 

case  of  repairs  or  to  prevent  freezing. 
94'  Sbroke  Oauge.    This  should  be  of  brass,  with  ]>lainly  marked  lines  for  the 

full  stroke  of  the  pump  and  with  a  fixed  index  on  the  piston  rod  so  that 

the  pump  stroke  can  be  noted. 
96.  8%tetion  Air  Chamber,    This  should  be  of  size  and  in  accordance  with  the 

specifications  of  Underwriter  pump. 
96.  Unions,    For  disconnecting  and  removing  any  of  the  various  jiarts  in  which 

th^  are  placed. 
f7.  S'Way  Wall  Hydrant  Connections. 
C8.  Name  Plate, 

Direct  Action.    Reciprtx^ating  pumps  are  most  often  directly 
operated  by  steam;  that  is,  the  steam  piston  and  the  water  piston  or 
plunger  are  attached  to  opposite  ends  of  the  same  rod.    The  steam 
piston  is  moved  by  steam  entering  the  steam  cylinder  through  valves 
first  at  one  end  and  then  at  the  other.    In  high  pressure  engines,  the 
steam  at  full  pressure  follows  the  piston  during  the  entire^  stroke;  in 
compound  engines^  however,  which  are  designed  with  two  steam  cylin- 
ders, steam  at  full  pressure  is  admitted  to  the  jfirst  cylinder,  acts  upon 
the  piston  during  the  first  part  of  the  stroke,  and  is  then  exhaustt^d 
into  a  second  steam  cj'linder  where  it  expands  and  i)r(Kluces  forct*  for 
finishing  the  stroke.    To  make  the  stroke  throughout  its  length  and 
to  cover  the  interval  when  the  operating  forct*  is  transferre<l  from  one 
<ylinder  to  another, these  engines  require  afly-wheel  or  **conipensator. " 

Clearance.    Some  provision  is  necvssary  to  regulate  the  length 
of  the  stroke  and  to  prevent  the  water  plungcT  or  the  steam  piston 
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fniin  strikiii);  tlu-  t'lul  of  the  i-\-liri<ltT.  This  is  catle<l  rlfaramt  and 
is  I»est  repuluUxi  by  stt-ani  nishioii  vai\-fs  which  arc  arranged  to 
rctaiu  in  the  Kti-am  cylinder  a  certain  amount  of  steam  as  a  cushion, 
thus  limiting  the  travel  uf  the  piston  to  the  required  distance.  In 
the  water  cylinder  the  clearance  b  determined  by  the  size  of  the 
casing  beyond  the  possible  length  of  stroke  of  the  piston  or  plunger. 
Steam  Valrrs.  Steam  for  moving  the  piston  comes  from  the 
Ixiiler  through  pipi-s  into  a  steam  chest  in  which  a  slide  valve  altera 
iiatelv'  opens  and  ch>ses  the  steam  and  exhaust  ports  in  each  end  <A 
the  cjlinder.  These  valves,  for  which  there  are  many  designs, 
dejiend  ujK)n  the  sliding  of  the  upper  section  back  and  forth  over  a 
scries  of  openings,  and  their  parts  are  so  designed  that  faces  of  this 


D«n  Dnplci  Pump 


moving  section  dose  certain  steam  ports  and  exhausts,  and  open 
others  Jit  the  pixiper  time.  rig.  1S3  shows  a  typical  slide  valve  and 
its  relation  to  the  <-ylin(ler. 

In  the  duplex  pump  which  is  the  type  generally  used  for  large 
pumping;  nigiiies  and  which  is  the  only  type  meeting  the  require- 
ments of  all  iiisuraiKT  <-(iinpaiues,  this  sliding  portion  of  the  steam 
valve  S,  Fig.  is:{,  is  oiKTatcil  by  a  \alve  rod  C  D  which  for  either  side 
of  the  pump  recei\-cs  its  backward  and  forward  motion  from  the  main 
piston  r»Ml  of  the  opjxisite  side.  For  example,  by  the  motion  of  the 
piston  /',  Fig.  IS^),  the  fikI  It  moves  the  arm  L  which  in  turn  moves 
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the  valve  rod  of  the  other  member  of  the  (hiplex  pump.  This  is  also 
shown  in  Fig.  182. 

Rotary  Pumps.  A  rotary  pump  consists  of  two  revolving  pis- 
tons rotating  in  opposite  directions  within  the  pump's  casing.  These 
pistons  are  always  in  contact  with  each  other  and  each  is  constantly 
tangent  to  the  pump's  casing,  so  that  when  this  chamber  is  filled  with 
water — that  is,  when  the  pump  is  primed — the  rotation  of  these  impel- 
lers carries  the  water  away  from  the  suction  pipe  and  forces  it  up  the 
discharge  pipe.  This  process  creates  a  partial  vacuum  which  causes 
the  water  to  rise  in  the  suction  pipe.  Rotary  pumps  differ  princi- 
pally in  the  design  of  their  impellers,  Fig.  184  showing  some  of  the 
shapes  which  are  used. 

Rotary  pumps  are  most  often  operated  by  being  belted  or  con- 
nected with  frictional  wheels  to  a  turbine  or  electric  motor.  Thev 
have  several  advantages  over  reciprocating  pumps,  one  of  which  is 


Pig.  184.     Different  Types  of  Revolving  Pistons  in  Rotarj-  Pumps 

^c  ability  to  operate  without  valves;  another  advantage  is  that  none 
^'^  the  operating  force  is  lost  in  constantly  changing  its  direction  as 
's    the  case  with  reciprocating  pumps.     However,  the  constant  fric- 
tion between  the  "cams"  causes  them  to  wear  and  leak,  thus  dimin- 
^^*^ing  the  capacity  and  efficiency  of  the  pump;  therefore  this  type 
1^  seldom  selected  for  service  requiring  constant  operation,  such  as  a 
^^Pl>ly  of  water  for  municipal  use.     As  fire  pumps  they  are  more 
^*^fen  used,  yet  even  in  this  field  other  types  ha\'e  the  preference  as 
^^'^rj'  pumps  attain  their  greatest  efficiency  at  low  pressures.    On 
^^^'H>unt  of  their  portability  they  are  sometimes  used  for  fire  engines, 
Although  for  this  purpose  duplex  steam  pumps  are  most  often  usihI. 
^^  approved  type  of  rotary  pumps  is  shown  in  Fig.  185. 

Centrifugal  Pumps.    The  construction  of  a  a»ntrifugal  pump  is 

^^Wn  diagraomiatically  in  Fig.  186.    By  applying  power  to  the  axis 

A,  the  wheel  is  made  to  revolve  rapidly  and  water  is  drawn  up  through 

^  suction  pipe  S,  discharging  at  the  axis  of  the  wheel.     The  latter 
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wit  is  curvitl  vatitrs  whirls  tht>  water  arouiid  and  itiqpaibptit 
r«l<K;ity  to  it  before  it  is  thrown  olf  by  centrifugal  foice  intotkeifa- 
charjre  pi)H'  1),  where  the  velocity  imparted  to  the  water  prodmst 
static  pressure. 


.n  some  centrifugal  jiumps  there  is  a  diiTusion  chamber  suf* 
rounding  the  ^('^■(^^\■illR  wheel  through  which  the  water  leanng  li^' 
wlu-cl  must  pass  In-fore  entering  the  discharge  pipe.  The  aa  of  ^ 
passage  through  this  chamber  gradually  increases  so  as  to  tnuisfofo 
the  \elo(it>-  head  int<i  jiressiire  with  the  least  posiuble  shock. 
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Like  the  rotary  pump  the  centrifugal  pump  has  the  advantage 
being  able  to  work  without  valves;  furthermore,  it  can  handle 
uddy  or  dirty  water  for  even  gravel  can  pass  through  the  vanes  of 
e  wheel  without  injuring  them.  Until  recently  they  were  used 
}ly  for  low  pressures,  but  there  is  now  being  rapidly  developed  a 
ulH-^age  pump  which  has  a  series  of  the  revolving  wheels  and 
lambers  already  described  so  arranged  that  the  water  leaving  one 
acted  upon  by  the  next  and  the  pressure  is  successively  increased, 
ot  long  ago  insurance  companies  looked  with  disfavor  on  the  cen- 
ifugal  pump  for  fire  service,  but  it  has  developed  and  gained  favor 
)  rapidly,  however,  that  this  type  was  selected  for  the  recently 
istalled  Brooklyn  high  pressure  system,  Fig.  187,  and  many  fire 
>ats  are  now  equipped  with  it. 

Screw  Pumps.  The  screw  pump 
die  not  used  simply  as  a  fire  pump, 
>/  interest  from  a  fire  insurance 
txdpoint  because  it  is  so  often 
cl  in  hotels,  apartment  houses 
L  institutions  where  the  pulsa- 
t  and  consequent  jar  and  noise 
clent  to  other  types  would  be 
&<jtionable.  Thus  this  pump  is 
-ri  used  for  filling  roof  tanks 
Cih  supply  private  fire  protection 
t^ms  such  as  sprinklers,  stand- 
^^,  and  perforated  pipe  lines. 
-  action  of  these  pumps  depends  upon  the  rotation  of  a  screw  or 
-^s  within  a  hollow  casing,  the  blades  of  these  screws  propelling 
^ater  from  suction  to  discharge  pipe.  A  ghost  illustration  of  the 
irnby  screw  pump  is  shown  in  Fig.  188.  There  are  two  parallel 
^ting  shafts  B  B  on  the  ends  of  which  are  screws  so  placed  that 
■  threads  of  one  fit  into  the  grooves  of  the  other.  These  screws 
'  close  but  not  tangent  either  to  each  other  or  to  the  casing.  The 
^r  is  drawn  in  from  the  suction  pipe  S  at  either  end  of  the  casing 
'ding  the  revoMng  screws  v,  that  is,  at  M  3/,  and  is  propelled  by 
^  screw  threads  towards  the  center  and  up  through  the  discharge 
Pe  I).  As  the  water  is  discharged,  a  partial  vacuum  results  caus- 
8  more  water  to  rise  in  the  suction  pipe. 


Fig.  186.     Section  Showing  Action 
of  Centrifugal  Pump 
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ViUvea.    Whatever  the  desi}p)  of  the  pump,  the  diseliarge  aiul 
suction  pipes  are  usually  fitted  with  valveH,  no  that  at  times  when  the 
f  is  idle  or  running  at  low  speed,  the  ctosiuf;  of  these  vahes  will 


pre\-ent  the  water  from  dropping  out  of  the  suction  pipe  and  the 
rater  libicb  already  has  been  pumped  as  in  the  ease  nf  rotarj-  (ir 
centrifugal  pumps,  from  returning  through  the  pump  tu  the  soun-e. 
The  notable  exception  to  this  is  in  the  case  of  fire  pumps.  L'lider- 
vritNS  prefer  that  there  be  no  valve  on  the  suction  pipe  for  tliis  is 
liable  to  become  clogged  and  in  cases  of  emergency-,  reduce  the  amount 
of  water  that  can  be  drawn  from  the  source.  Instea<l  of  this,  pnn 
vuion  is  made  for  filling  the  suction  pipe  and  cylinder  when  the  pump 
starts  \^  the  addition  of  ii  priming  tank  or  by  attaching  a  small 
atudliar}'  pump. 


\/aiM  raler  such  an  is  used  on  the  sulimerfji'd  cud  nf  a  function 
I>ipe  is  illustrated  in  section  in  Fig.  IS!),  Thcdischargt'  pi|)c  isusuaUy 
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fitted  with  a  cluck  talee,  Fl);.  190,  consisting  of  amply  s  hinged  flip 
which,  when  openni,  strikes  against  a  buffer,  thus  limiting'  the  angle 
(usually  30  to  60  decrees)  at 
which  thb  may  swing  back. 
If  the  flap  were  permitted  to 
op«i  beyond  this  angle  it 
would  not  close  promptly. 

Besides  these  two  \-alves, 
retnprocating  pumps  reqinie 
the  use  of  others  to  contnl 
the    alternate   opening  and 
clo^ng  of  the  suction  and 
discharge    chambeis.     He 
uses  of  these  valves  require 
that  they  close  tightly  and 
I  promptly    to     prevent    loss 
frum  loaka^  or  slip;  that  they  (>pen  luider  small  pressure  and  have 
large  waterways  to  reduci*  the  loss  of  head  to  a  minimum;  and  ths-'^ 
they  hv  i»lucf<l  s*)  as  to  be  easily  reached  to  be  repaired  or  replaced. 

Instead  of  using  one  large  valve  to  cover  a  pven  area  it  has  bw^ 
found  best  to  use  Hcvoral  small  ones,  grouped  as  shown  in  Rg.  18fc^ 
The  tyiR-  of  valve  most  generally  used  is  illustrated  in  section  in  FI^S 


ii>u  of  Typirsl  Fwni  ol  Cbcek  Vdn 


191  and  in  plan  hi  Fig.  192.    .\disk  of  hard  rubber  or  metal  C,  Fig.  191, 
is  loosely  iiioiinted  on  u  stud.     On  the  end  of  that  stud  is  a  guard  G 
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Bod  nut  A',  and  in  some  cases,  as  in  the  valve  illustrated,  a  spring  A 
is  mounted  between  the  guard  and  a  cap  plate  B  to  expedite  the  clos- 
ing of  the  valve.    The  stud,  is  held  upright  in  the  middle  of  the  open- 
ing by  being  screwed  into  the  center  of  the  valve  seat  V,  the  latter 
being  braced  by  ribs  extending  from  the  circumference  of  the  orifice 
to  the  base  of  the  stud  as  shown  in  upper  half  of  Fig.  192.  The  valve 
and  seat  are  accurately  fitted  to 
each  other  and  the  valve  seat 
acrewed  or  driven  into  position. 
Insurance    companies    spedfy 
that  all  fire  pumps  should  be 
fitted  with  a  relief  valve,  Fig.  193, 
which  is  so  constructed  that  a 
pressure  b  excess  of  that  at  which 
the  valve  is  set  will  cause  it  to 
open  and  allow  sufficient  water 
to  escape  in  order  to  reduce  the 
pi^essure   to   the  required   point 
*Sain.    In  fire  pumps  this  valve 
■s    Usually    set   at    100  pounds. 
****    preferred  position  for  the 
"slief  valve  is  at  the  base  of  the 
*>»•  chamber,  Fig.  194,  whence  it 
*"*>Uld   extend    horizontally  in- 
""^'xl  and  should  discharge  in  a 
^^•^ical  downward  direction  into 
*_  'unnel  which  in  turn  should 
"*ScI^arge  through  a  waste  pipe  to 
**>Oe  point  outside  the  pump 
ftoua^       Fig.  195  shows  the  required  marking  of  the  hand-wheel. 
Fire  Punq)  Standards.   Factories,  mills,  and  other  plants  of  large 
^*lue  are  usually  provided  with  private  pumping  stations  designed 
specially  for  fire  purposes.     The  stock  and  mutual  companies  have 
*&eed  upon  certain  requirements  which  are  accepted  by  the  National 
°oard  of  FTre  Underwriters  and  these  requirements  constitute  the 
1        specifications  for  the  "National  .Standard  Fire  Pump." 
*  Only  four  sizes  are  recognizeil,  the  5()()  gallon,  750  gallon,  1,000 

pUon,  and  the  1,500  gallon.    The  specificationa  provide  In  general 
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for  an  especially  rugjired  construction  with  unusually  large  pipes  or 
passages  for  both  steam  and  water  and  that  all  working  parts  sbadd 
be  of  brass  or  bronze,  thus  making  them  rust  prooi  and  entbGiig 
the  pump  to  start  instantly  after  long  disuse. 

SPECIFICATIONS   FOR    NATIONAL   STANDARD  FIRE  PUMPS 

Steam  Pumps.  These  must  be  duplex  and  the  pumpmaker  must  gott- 
ant  CO  that,  before  leaving  the  shop,  they  have  been  t«sted  and  found  miiluxBtljr 
strong  to  stand,  with  all  water  outlets  closed,  the  force  produced  by  SOpoundi 
tuteam  pressure  in  the  steam  cylinder.  For  pumps  of  twelve-inch  and  ozteeB- 
inch  stroke  the  combined  port  area  of  the  suction  valves  should  be  reapectifely 
56  and  64  per  cent  of  the  plunger  area.  The  combined  outlet  area  of  thedii- 
charge  valves  should  be  two-thinls  of  the  suction  valve  area  in  that  partieultf 
case. 

The  disk  of  rubber  forming  the  valve  must  be  of  the  best  quilityof 
medium  temper  hard  rubber.     It  must  not  be  greater  than  four  inches  in  diam- 
eter nor  less  than  three,  and  in  no  case  less  than  five-eighths  inch  in  thick- 
ness.    Both  the  suction  and  dis- 
charge valves  in  one  pump  must  be 
of  the  same  size  and  intcrcfaing^ 
able.    They  must  also  be  doubk 
faced  so  as  to  be  turned  when  won- 
They  shall  be  so  placed  that  the 
space  between  two  valves  ia  not  k* 
than  one-fourth  the  xaWe  diasDr 
eter,  and  the  distance  to  the  wflB 
of  the  valve  chamber  is  at  least 
one-eighth  of  the  diameter  of  the 
valve.    To  prevent  valve  shun,  the 
total  lift  must  not  exceed  one-bal' 
inch.    The  spring  used  to  facilitate 
quick  closing  of  the  valve  ahoukl 
be  cylindrical  and  not  conical  ^ 
shape,  and  should  be  made  of  the 
best  spring  brass  wire.    At  the  top 
it  should  be  held  centrally  by  rest- 
inj;  in  a  j^roovr  in  the  valve  guiird  G,  Fig.  191.     At  the  bottom  of  the  spring 
:in<l  (M)V(Ting  the  cntin*  valve  disk    there  must  be  a  thin  rustless  metallic 
plat  I'  H  made  with  a  raised  head  to  guide  the  spring  at  the  bottom. 

Th<'  spring  in  tlio  sucticm  valve  should  permit  with  a  ten-  to  fifteen-foot 
lift  tlie  valve  to  open  one-fourth  inch  under  a  force  of  one  pound  to  the  square 
inch.     If  water  enters  under  a  head  the  valve  spring  should  be  much  stiffff 
than  this  to  j)rcvent  water-hammer;  and  for  this  same  reason  the  spring  on  the 
diseliarpe  valve  should  be  thriM.*  or  four  times  as  stiff  as  those  just  described. 
All  valve  stems  must  be  of  throe-fourths  inch  bronze,  with  a  guard  an^ 
nut.     \'alve  seats  nuist  also  be  of  bronze,  and  screwed  into  the  valve  deck  on 
a  taper  tlucad  or  driv("n  in  on  a  smooth  ta|>er  fit.     The  seat  must  thence 
tianjjed  out  on  tin-  un<ler  si<le  of  the  deck  which  should  be  rounded  over  to  gi^^ 
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good  bearing  for  this  expanded  part,  or  it  may  be  held  firmly  by  providing  a 
lug  opposite  each  rib.  By  either  of  these  methods  the  possibility  of  the  valve 
!»eat  working  loose  is  eliminated. 

A  pressure  gauge  of  the  Lane  double  tube  spring 

pattern  with  a  5-inch  case  must  be  attached  to  the 

pump  as  shown  at  15,  Fig.   182.    This  gauge  should 

be  marked  to  read  up  to  240  pounds  pressure,  and 

should  be  marked  "WATER."     A  relief  valve,  as  de- 

wribcd  on  page  297  and  shown  in  Figs.  193  and  194, 

should  be  attached.     This  valve   should  be  able  to 

pass  all  the  water  discharged  by  the  pump  at  full 

speed  at  any  pressure  up  to  125  pounds. 

At  each  end  of  <  ach  water  cylinder  there,  should  ^.^  ^^^    iJI^s  on  Wheel 
be  a  brass  drain  cock  with  lever  handle,  and  with  a  of  Relief  Valve 

passageway  of  one-half  inch.     Another  cock  of  similar 

construction  should  be  provided  over  the  upper  valve  iJeck,  and  an  air  vent 
should  be  placed  in  the  upper  cover  of  the  water  cylinder. 

Unless  water  is  taken  under  a  head,  the  pump  must  be  provided  with 

brass  p^ming  pipes  according  to  the  sizes  given  in  Tabic  XIII.     These  pipes 

'nust  be  connected  to  plunger  chambers  and  then  extend  to  a  main  pipe  at  least 

2  inches  in  diameter  which  would  lead  up  to  the  pumping  tank,  the  bottom  of ., 

*'hich  must  be  2  feet  or  more  above  the  pump.     The  capacity  of  this  tank 

■hould  be  about  one-half  the  rated  capacity  of  the  pump.     Each  of  the  pinning 

P*l>e8  should  be  fitted  with  a  two-seat  controllable  valve  by  which  the  waFcr 

^  Admitted  and  the  air  let  out  simultaneously.     Besides  these  parts,  fire  pumi)s 

*hould  be  fitted  with  2i-incb  hose  outlets  with  valves,  according  to  the  num- 

"^^  of  hose  streams  they  are  to  supply. 

Table   XIII  gives   dimen- 
«»on»  for  steam  piston  and  fittinga 


^*'oll  as  for  the  water  piston  or 


Steam  End,  The  area  of 
^*^  exhaust  steam  passages  at 
**^  Smallest  cross  section  must 
"^^^  1>«  less  than  4  per  cent  of  the 
^*^on  area,  while  the  steam  ad- 
°^*^*sion  ports  must  not  be  less 
^*^    2i  per  cent  of  the  piston 


NATIONAL  STANDARD  FIRE  PUMP 

16x9x12 

CAPACITY 

750     GALLONS    PER    MINUTE,    OR 

3     GOOD    l/e-IN.  SMOOTH    NOZZLE 

FIRE  STREAMS 

FULL      SPEED 

70   REVOLUTIONS  PER  MINUTE 

NEVER    LET   STEAM    GET    BELOW 

50   POUNDS,  NIGHTS,    SUNDAYS      OR 

AT  ANY    OTHER    TIME 


Fig.  196.     Standard  Pump  Plato 


The  steam  slide  valve  must 

^     tnost  accurately  fitted,   and 

°^^**t  be  steam  tight  when  in  con- 

^^^^  with  the  seat  of  the  valve. 

To  govern  the  length  of  the  stroke,  steam  cushion  valves  regulatiiij^  the 

^'^^^Unt  of  steam  left  in  the  cylinder  at  the  en<l  of  each  stroke  should  he  attached 

^^  ^ther  end  of  the  cylinder.     A  stroke  gau^e  also  should  be  s(»curely  fixed  in 

VAoc^  M)  that  it  can  not  get  out  of  adjust nient  from  the  jar. 

k  A  Lane  pressure  gauge,  as  describetl  for  the  water  cylinder,  should  be 

^  ifctuchcd  to  the  throttle,  marked  STEAM,  and  scaled  to  indicate  i>ressun»  u\} 

1 


■1 
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TABLE  XIV 

Pin  Pump  DaU  (For  Bodi  Water  aad  Steam  Bads) 


\ 


^1 

i 

500 

il 

?£is.i:=; 

ii 

I 

i 
to 

BoUrrP„«,r 
Rcquiml    1          W**m  * 

Dd 

f„ 

1 

p^ 

n 

w\ 

II 

7 

s 

t| 

3" 

Ji 

m 

i 

j# 

1^ 

r 

2 

14 

100 

40 

31 

2 

I 

13 

17 

6 

3 

4 

750 

3 

16 

» 

12 

3 

lis 

45 

4 

2i 

1) 

IS 

26 

7 
8 
8 

Si 

4= 

1000 

i 

18 

10 
lOi 

12 

3 

150 

46 

*i 

21 

H 

2< 

30 

4 

&. 

tan 

6 

20 

12 

16 

21 
to 

1 

200 

50 

5 

21 

U 

30 

40 

10 

6 

»■ 

to  120  pounda.     At  each  end  o(  each  cylinder,  a  drun  cock,  as  alreidy  deaccibe 
for  wilier  end,  \a  required. 

Tf»le.  Ucfurc  being  accepted  the  pump  should  paae  BAtia(kct(Hily  tb 
fulluwinK  te«l:  Hoxe  should  be  ttttached  to  provide  outlets  for  the  wat«r,  uk. 
th(!  pump  run  at  somewhat  above  its  rated  capacity.  Under  this  test  thcB 
Bhould  bt-  no  i-xccssive  vibration,  or  pounding,  and  when  the  cushion  valve 
are  adjustf*!  then"  should  l>c  no  noteworthy  valve  slam  or  water  hammer. 

I'able  XIV  uhows  the  stciim  proiwure  unually  needed  to  produce  the  ii 
cated  water  pn-ssure;  if  an  anioimt  cnuch  in  exoesH  of  thia  is  required  to  p. 
ducc  this  i>ressure.  it  is  an  evi<lr'nce  of  too  great  int«mal  friction. 

Tlie  outli'la  shciuld  1m»  nearly  closed  and  steam  admitted  until  the  wat^ ^' 

pri'sHuri'  is  240  pounds.     I'nilcr  this  prwwurc  there  should  be  no  considerah^^^ 
leakage. 

AW  iiiith'ts  sluml.l  be  .-losp.!  io  order  to  let^l  the  relief  valve,  which  wh^^^* 
Net  at  10(1  pounds  should  lj<'  able  lo  discharge  the  full  rated  capacity  of  tl^^^^* 
pump.  H'ilhout  allowing  tlie  [iri'Ssurc  to  exceed  125  pounds. 

With  the  (nil  lets  si  ill  closed  and  the  safety  valve  set  at  115  pounds,  ates  ^"^ 

should  be  admit teil  to  bring  the  water  pressure  up  to  100  pounds.     The  putc^^^^^* 
will  now  nn)\e  very  slowly,  according  to  the  leakage  past  the  plunger  or  pisto" 
This  leakage  should  not  allow  the  pump  lo  make  more  than  from  one-third  ^^^"^ 
two  double  slrokes  a  minute.  ^ 

l'uni|HidcHi)[ned,  built,  and  tested  ai'conUng  to  these  apeci  fi  cat  ions  shoul^^ 
I  la  vc  il  capacity  plate,  Fig,  l!Ki.  ullaeheil  to  the  inboard  side  of  the  air 
lii"arinB  certain  r<-(|Uircd  data  in  j -inch  raised  metal  lett«ra  buffed  off  to 
Rnish  or  a  black  backgroun  I. 
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TABLE  XV 
RoUry  Fire  Pump  Data 


I* 

S  9 

O 

Number  of 

li-Inch 

Hose 

Streams 

Speed  in 
Revolu- 
tions per 
Minute 

(Inches) 

§'o'S& 
(Inches) 

flu 
(Gallons) 

<      ^      « 

(Inches) 

0*    Distance 
g.    Between 
g      Centers 

Approxi- 
mate 
Horsepower 
Required 

500 

2 

090 

6 

6 

200 

K 

7-  8 

60 

T50 

3 

8 

8 

300 

9  or  10 

8-  9 

90 

lOOO 

4 

il' 

8 

8 

400 

10 

9-10 

120 

1500 

6 

s|& 

10 

10 

600 

12 

10-12 

180 

Rotary  Pumps.  Table  XV  gives  dimensions  of  the  principal  parts  of  the 
(Jnclerwriters  Rotary  Pump  (see  Fig.  185),  which  differs  from  the  ordinary 
trmde  rotary  pump  in  that  all  the  parts  exposed  to  corrosion  are  of  bronze  or 
some  other  non-corroeive  metal;  the  water  passages  are  larger;  and  these  pumps 
are  required  to  have  several  special  attachments,  such  as  a  discharge  casing, 
bolted  in  an  upright  position  to  the  main  casing,  to  which  is  to  be  attached  a 
air  chamber,  a  spring  relief  valve,  a  water  pressure  gauge,  hose  valves 
to  those  already  described  for  a  steam  pump,  and  also  a  starting  valve 
to  allow  the  air  to  escape  when  the  pump  is  started. 

After  being  set  up  the  pump  should  be  tested  to  make  sure  that  it  runs 
*>>^oothly  without  slamming  and  that  the  water  relief  valve  can  pass  the  full 
diacl^Arge  of  the  pump  without  allowing  the  pressure  to  rise  above  125  pounds. 
«^e  capacity  plate  of  these  pumps  should  contain  certain  data  corresponding 
^  ^Hat  required  for  a  steam  pump. 

Centrifugal  Pumps.    Centrifugal  pumps  must  have  not  less  than  two, 
more  than  foUr  stages. 

When  new,  a  pump  should  be  practically  tight  under  a  test  of  240  pounds 

pressure.     All  parts  exposed  to  the  water  must  be  of  bronze.     The 

of  the  impellers  must  be  such  that  the  maximum  width  of  the  water 

at  the  periphery  of  the  impeller  shall  be  {  inch  at  least,  }  inch  is  pre- 

The  shaft  must  be  of  steel  protected  with  a  composition  metal.    These 

^*^*>^p8  should  have  hose  valves  and  a  starting  valve  to  release  air,  and  a  Lane 

^tii«r  Pressure  gauge  as  before  described.     One  half-inch  drip  plugs  must  be 

»^*^v^ded  at  the  lower  end  of  the  impeller  chambers,  to  permit  of  draining  all 

■^*t«  of  the  pump. 

w  Centrifugal  pumps  should  preferably  take  their  suction  under  a  head. 

^  trl^  cannot  be  arranged,  their  suction  pipes  should  be  fitted  with  brass  foot 
^Ves.    In  either  case  a  vacuum  chamber  with  a  vacuum  gauge  should  be 
^^ched  to  the  supply  pipe. 

Instead  of  providing  a  foot  valve  to  keep  the  suction  pipe  full,  a  priming 

^*^  of  at  least  250  gallons  capacity  may  be  substituted  and  connected  to  fill 

Y^  pump  casing  for  starting,  as  these  pumps  have  no  lifting  ability  until  first 

^•^^  with  water.    Table  XVI  gives  dimensions  and  important  data  for  the 

*^**idard  pump. 
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TABLE  XVI 
Ceatriffocal  Fire  Pump  DaU 


GalloDii  |M-r 
Mioutr 

Number  ol 

ll-ln.  Hu!« 

Strfmnui 

PtfTini^iiblr 

Spfed*  in  Ri*v- 

(iluiioni*  per 

Minulv 

llomrpowrr 
lt**quirtHl 

Siar  of 
Pump  Span 

Section 
Inlet. 

1 

Dtel 
Oai 

2 

SOOto 

G4to 

1 
2 

1 
6 

( 

1500 

00 

750 

:\ 

700  to 
1400 

K8to 
SO 

31 

8 

« 
t 

KNN) 

4 

7(M»  to 
1400 

107  to 
100 

3J 

8 

1500 

<> 

(iOO  to 

148  to 

4 

10 

V 

1 

r20<» 

]:iH 

1                                  1 

The  capacity  plate  and  the  tc*st  of  Xhtve  piiin|>i«  is  in  i^pneral  the  sai 
for  oth<T  tyiK"?*. 

Steam  Power  for  Pumps.  RmprcK*ating  pumps  are  most  gc 
ally  driven  hy  steam  |K)wtT  although  they  may  he  operated  by  b 
«ttaclu*<l  hy  a  c^)nne<>ting  hmI  and  crank  to  any  form  of  motor  turi 
or  water  whet^l,  or  hy  a  gas  or  gasoline  engine.  Insurance  oompi 
consider  pumps  o|HTatedJ)y  water  power  as  more  reliable  than  st 
driven  pumps  sinct*  water  jKiwer  is  instantly  available,  whereas  st 
may  not  Ix^  up  at  xhv  time  of  iu'<'<l. 

St4'ani  Hnilfrs,  If  the  water  supply  comes  fn)m  a  munic 
system,  the  pumps  tlu'U  to  Ik*  considere^l  usually  n*ceive  their  opt 
ing  steam  from  hollers,  instalK*<l  for  and  devottnl  to  just  that  purj 
However,  in  the  ease  of  private  firt»  pumps  used  in  factory  and 
yanls,  the  steam  supply  usually  comes  from  the  same  l)oilers  that 
vide  the  steam  for  moving  the  machinery,  elevators,  etc.  \Mien 
is  \\w  case  tlu*  pi}H»s  which  carry  the  steam  for  factor^'  use  shoul 
fitte<l  with  valves,  so  that  in  case  of  firt*  any  of  these  pipes  ma; 
cut  (»ff  and  the  steam  devoted  exclusively  to  the  use  ofthe  fire  pu 

The  steam  hoilcrs  in  use  vary  greatly  in  c*on  struct  ion,  and  t 
choic(»  de}M*nds  largely  upon  the  custom  of  the  l(K*ality  where  i 
arc  to  he  usi'il ;  the  character  of  the  water  then»;  the  kind  and  the 
of  fuel;  and.  of  course,  the  amount  and  pressure  of  steam  requi 

'^riic  simph'si  form  nf  Ixtilrr  consists  of  a  cylindrical  shell  mac 
riveted  plates  of  sttvl.     In  ust*,  this  IkmUt  is  filled  almost  two-tl: 
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M  of  water,  the  upper  thinl  of  the  space  being  left  as  steam  space. 
It  may  be  set  over  or  within  a  furnace,  with  the  fire  box  beneath  it 
and  the  flues  arranged  about  it  to  permit  the  heated  gases  to  circu- 
late about  the  boiler  before  they  pass  up  the  chimney,  thus  heating 
the  'Water.  •  Such  a  boiler  is  said  to  be  **externally  fired/' 

In  many  t^-pes  the  furnace  is  tubular  in  shape  and  enclosed 
within  the  boiler  shell,  the  flues  extending  the  full  length  of  the  boiler 
and  heating  the  water  from  their  surface.  These  are  designated  as 
"flue  boilers"  or  "intemallv  fired''  boilers. 

So  called  tubular  or  fire  tube  boilers  are  built  with  numerous  tubes, 
Usually  from  three  to  four  inches  in  diameter,  within  the  shell  and 
Attending  the  entire  length  of  the  boiler.  The  heated  gases  from 
^hc  furnace  pass  through  these  tubes  and  heat  the  water. 

To  withstand  high  pressure  any  of  the  types  of  boilers  already 
described  require  very  thick  shells,  making  the  boiler  heavy  and 
^^mbersome.  If  it  becomes  weakened  or  is  carelessly  handled,  an 
^^losion  is  likely  to  occur,  the  entire  mass  of  heated  water  is  relieved 
^f  the  pressure,  and  is  instantly  converted  into  steam,  thus  causing 
R^^at  damage  to  adjacent  property. 

Such  boilers  furnish  steady  steam  pressure  on  account  of  the  great 
quantity  of  heated  water,  although  they  are  very  slow  in  responding 
^^  a  sudden  demand  for  extra  steam,  and  three  or  four  hours  are 
'Quired  to  raise  steam  from  cold  water. 

To  overcome  these  defects  many  so  called  water  tube  boikrs 
nave  been  constructed.  In  this  type  the  water  instead  of  being  con- 
^^ined  and  heated  in  a  large  shell  is  contained  in  numerous  small  tubes 
^*hieh  pass  over  the  fire  box  of  the  furnace,  and  around  which  the  hot 
^^'^ses  circulate.  The  water  heated  in  these  tubes  rises  into  a  drum  or 
^Parator  where  the  steam  and  the  water  separate,  after  which  the 
^*^ter  passes  down  through  other  pipes  and  is  returned  again  to  the 
^^ter  tubes. 

The  steam  pressure  in  these  boilers  fluctuates  with  the  condition 
^^  the  fires,  so  careful  operation  is  necessary  to  secure  nearly  uniform 
P^^ssure.  This  very  fact,  however,  makes  it  possible  to  raise  extra 
^^am  ver>'  quickly  by  driving  the  fires. 

The  amount  of  heated  water  in  one  place  in  these  boilers  is  so 
^'^^l  that  to  obtain  the  necessary  strength  the  parts  do  not  need  to 
^  Unusually  thick  or  heavy,  and  there  is  less  danger  of  an  explosion; 
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even  if  one  occurs  on  account  of  a  weak  tube  or  other  part,  dx 
amount  of  steam  liberated  and  the  damage  done  is  compantivdy 
small. 

In  localities  where  the  water  contains  mineral  matter,  the  ht 
boilers  are  best,  as  in  these  the  surfaces  which  can  become  corrodrf 
or  incrusted  with  mineral  dei)Osit  are  more  easily  reached  and  deaned 
than  the  parts  of  the  more  complex  tubular  interior.  The  corroaoQ 
and  mineral  scale  in  water  tube  boilers  is  reached  with  difficult}' ind 
a  small  amount  of  it  affects  the  efficiency  of  the  boiler.  If  it  is  found 
advisable  to  use  this  type  where  water  is  impure,  the  feed  water  miy 
be  distilled,  settled  or  mixed  with  prepared  boiler  compounds  to 
reduce  the  deposit  as  much  as  possible. 

For  fire  engine  use,  fmilers  should  be  light  and  able  to  prodoce 
steam  quickly  and  abimdantly.  This  is  accomplished  partly  by  pio- 
viding  small  water  space  and  large  heating  area.  Cannel  coil  is 
gencralh  used  and  burned  \iith  a  forced  draft  obtained  by  eduust- 
ing  steam  up  the  smoke  pipe.  These  boilers  are  not  economical  of 
fuel. 

Engine  houses  are  equipped  with  heaters  which  keep  the  boilos 
hot  when  not  in  use  so  that  the  fire  beneath  them  is  not  lighted  until 
the  engine  is  called  out. 

Many  engine  boilers  have  a  combination  of  fire  tubes  and  water 
tulK»s,  tubes  containing  water  extending  from  the  water  chest  down 

■ 

into  the  fire  box,  and  fire  tulH»s  from  the  furnace  extending  upward 
through  th(»  water.  One  of  the  best  of  this  type  of  boiler  is  shioiWD  "m 
Fig.  197. 

Power  for  Electric  Pumps.  Current  Source.  Rotary,  centrifu- 
gal, and  screw  pumps  are  usually  run  by  electric  motors,  though  any 
other  form  of  prime  mover  may  be  used.  Any  current  supply  to  be 
acceptable  for  driving  fire  pumps  must  show  proofs  of  its  reliability'. 
It  must  be  able  to  suppjy  power  day  and  night  every  day  of  the  year, 
and  its  record  of  siTvice  must  show  no  interruption  of  more  than  one- 
half  liour  in  any  one  year,  and  no  more  than  four  interruptions  exceed- 
ing five  niiiuites  each.  The  pumping  station  must  receive  Its  supply 
of  power  through  two  ditl'erent  lines,  preferably  from  two  separate 
stations;  but  if  necessarily  from  the  same  source  these  two  circuits 
must  he  entirely  indeiK'ndent  of  each  other  from  the  power  house  to 
the  pump's  motor.    If  transformers  are  necessary',  they  should  be 


^\\ 


Iiionted  in  a  fireproof  vault  cut  off  from  the  pump  room  and  thor- 
oughly vejitilated  to  the  outer  air  tlirough  a  flue. 

tt'iring  SpeafirrUioris.     At  the  i»)int  where  the  wires  enter  the 
H  house  a  double  throw  giciich  must  lie  provided  so  that  at  any 


*>0M!  (lie  motor  can  Iw  cut  off  fn>m  all  sources  of  supply.  A  circuit 
"•*aiw  must  also  be  installed  and  set  so  as  to  operate?  when  the  amount 
^  »-Tirrtnt  taken  roaches  twice  the  amount  required  properly  to  run 
""-  pump  at  normal  speed,  when  discharging  full  capacity  at  100 
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pounds  pressurt'.  This  circuit  breaker  shouJd  be  able  to  intetrapt 
the  circuit  without  injury  to  itself.  Fuses  are  not  alloired,  is  tk 
necessity  of  keeping  a  large  supply  and  the  amount  of  time  nqoiRd 
for  renewing  them  make  them  undesirable. 

Motor  Sj)ecificaiions.    The  motor  may  be  constructed foribl- 
ever  kind  of  circuit  it  is  necessarj'  to  use — either  alternating  or  &«L 
It  may  operate  the  pump  by  being  directly  attached,  or  if  the  moloi 
and  pump  are  to  operate  at  different  speeds  it  may  be  attadicdIiHr 
reduction  gearing.    The  motor  must  be  of  such  c:;pacity  that  item 
run  ten  consecutive  hours  at  normal  speed — ^the  pump  ddiveringits 
full  capacity  at  100  pounds  pressure — without  the  tenqseratureof  uf 
part  becoming  heated  more  than  104^F.  above  the  temperature  ai 
the  surrounding  atmosphere. 

All  motors  for  driving  fire  pumps  must  bear  a  plate  giving  the 
name  of  the  manufacturer,  the  normal  voltage,  the  full  load  currents, 
and  the  normal  si)eed  in  revolutions  per  minute. 

Automatic  Control  of  Fire  Pumps  for  Electric  Power.  Fire  pumps 
are  required  to  maintain   100  pounds  pressure.  With  electrically 
driven  pumps,  the  best  assurance  that  the  pressure  will  remain  tt 
the  required  |)oint  is  by  the  use  of  an  automatic  controller  attadied 
to  the  motor.    Any  reduction  of  the  discharged  pressure  will  then 
automatically  start  the  motor,  bringing  the  pump  into  operation 
until  the  pressure  has  again  reached  the  point  desired.    Such  auto- 
matic controllers  must  necessarily  be  sul>stantially  built  and  tho^ 
oughly  \vaterpr(K)ftHl.     Whenever  such  a  controlling  device  is  used 
the  disc'harge  piiH's  of  the  pump  should  be  directly  connected  by  a 
pipe  of  the  same  size  to  a  tank  of  compressed  air  kept  under  the 
n^quired  pressure  by  an  air  compressor.     The  object  of  thb  tank  is 
to  collect  a  part  of  the  discharge  when  the  pump  is  operating  and 
gradually  discharge  it  wht^n  the  pump  is  idle — thus  steadxing  the 
discharge  pressun*.     Without  such  a  tank,  the  pressure  would  fluc- 
tuate rapi<lly,  and  operate  the  automatic  controller  too  frequently. 

For  Steam  Power,  WTien  steam  pumps,  which  are  installed  for 
fire  purposes  only,  have  once  filled  the  distributing  system  with 
water  under  the  requiretl  pn^ssure — 100  pounds  to  the  square  inch 
at  the  pump — then,  until  water  is  drawn  from  the  system  for  use  on 
a  fire  or  for  test  purposes,  the  work  required  of  the  pump  is  com- 
paratively small,  tlie  only  duty  being  to  keep  up  the  pressure  through- 
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out  the  system  by  furnishing  an  amount  of  water  equal  to  the  leak- 
age. It  is  often  poor  economy  to  run  the  large  pump  for  this  pur- 
pose, and,  therefore,  a  small  auxiliary  pump  is  installed  with  devices 
for  automatically  controlling  both  pumps.  This  little  pump  should 
be  so  attached  t^at  it  can  draw  from,  and  discharge  into  the  main 
pipes  for  suction  and  discharge,  and  should  be  of  sufficient  size  to 
keep  up  the  pressure  in  the  pipes  under  ordinary'  conditions.  Where, 
however,  excessive  leakage  or  draft  upon  the  sjstem  reduces  the 


f^  I9S.     Duplex  PIuDfCT  Pump  wiib  Smaller  Auiilisry  Pump  Canan:Ud  Ja  ^i 


P'^ssure  below  the  desired  point,  this  lower  pressure  should  allow  a 
Valve  to  open  gradually,  so  as  to  admit  steam  to  the  cylinder  of  the 


^'ge  pump  and  cause  it  to  supply  the  neccssar;'  amount  of  water  to 

"*lng  up  the  pressure  again. 

Unfortunately,  automatically  controlled  steam  pumps  are  not 

^ffidently  reliable  to  meet  with  the  genera!  approval  of  insurance 
"^ttipanies.  All  devices  designed  for  this  purpose  operate  in  general, 
^  described,  by  a  spring  valve  opened  and  closed  In-  the  discharge 
Pressure  at  the  pump.    Wherever  used  for  fire  purposes  the  insur- 
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ami'  companies  demand  that  these  governors  be  adjustable  to  obtain 
any  desired  pressure  l^etween  To  and  125  pounds,  using  steam  from 
50  to  20()  pounds,  and  that  they  be  able  to  govern  the  pump  from 
slow  to  full  speed  without  vamng  in  either  direction  more  than  five 
pounds  fn>m  the  water  pressure  desired.  A  steam  pressure  of  200 
pounds  or  a  continued  water  pressure  of  240  pounds  should  not  injure 
the  g<)vernor  or  clause  it  any  trouble.  The  internal  mechanisms 
should  be  rust  proof,  as  substantial  as  possible,  and  all  readily  acces- 
sible for  examination  or  repair;  the  valve  and  valve  seat  should 
be  so  arranged  that  they  can  be  renewed  without  disconnecting  the 
governor  from  the  piping.  Governors  for  the  four  sizes  of  pumps 
should  be  li  inches,  1}  inches,  1 J  or  2  inches,  and  2  inches,  respectively. 
In  Fig.  19S  is  shown  the  approved  method  of  attaching  an  aux- 
iliary pump.  Like  the  main  pump  the  auxiliary  should  be  of  the 
duplex  t>i>e  with  all  working  parts  rust  proofed.  Its  relief  valve 
should  be  capable  of  passing  the  full  capacity  of  the  pump  without 
allowing  the  water  to  rise  more  than  25  pounds  above  the  point  at 
which  the  governor  is  set. 

Index  off  Parts,  1%.  198 

a    Steam  Supply. 

h    Auxiliary  Pump  Regulator,     Regulator  fittings  and  connections  to  be  as 

shown, 
r    SUam  Suppli^  Drain.     Should  be  provided  with  globe  valve  as  shown. 
(i    Exhau.'<t  Pipi\     Should  be  inde|>endent  of  fire  pump  exhaust  pipe. 
«'     Water  Conmction  to  Hctjulator.      Brass  pipe.      Connection  must  be  miule 

outside  of  check  valve  in  main  pump  discharge  pipe.     Globe  valve  to  be 

place<l  JUS  sho\sTi. 
/     Pnssure  Gauge. 
(I    Sitjht'Feed  Luhricator. 
h    Oil  Cup. 
I     Siictitm  Pi}H  .     Connection  with  main  pump  suction  must  be  made  on  a  level 

with  auxiliary  pump  water  cylinders.     Gate  and  check  valves  as  shown 

must  hv  j)lac(Hi  in  thi.s  pij)e  in  all  cases. 
k    DiHchnrgt  Pifx.     Connection  must  be  made  outside  of  check  valve  in  nis*° 

pump  discharge  pii>e.     Gate  and  check  valves  as  shown  must  be  pU<*" 

in  this  pii)e  in  all  Civses. 
/     Relief  Valre.     Di.scharpes  into  main  waste  pipe. 
m  ^fain  Pump  Regulator.     Regulator  to  be  placed  on  by-pass  with  globe  valves 

and  fittings  as  shown.     Hy-pass  need  not  be  more  than  one-third  thesi*^ 

of  the  main  steam  pipe. 
u    Water  Connection,  Maiti  Pump  Regulator.     Brass  pipe.     Globe  valve  to  be 

placo<l  as  shown. 
Pump  Drips.     To  be  as  shown. 
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Tbe  governor  for  this  small  pump  should  be  f  inch  connected 
to  a  }-inch  steam  pipe.  This  small  size  pipe  limits  the  amount  of 
steam  which  can  be  supplied  to  the  little  pump,  thus  preventing  its 
running  at  tremendous  speed  when  the  pressure  in  the  fire  system 
becomes  low.  The  governors  on  these  pumps  should  be  set  usually 
10  pounds  higher  than  the  governor  on  the  main  pump,  so  that  this 
large  pump  will  not  start  with  small  changes  in  pressure. 

Pump  Houses.  Construction.  So  much  of  the  safety  and  com- 
fort of  a  community  depends  upon  the  water  supply  that  the  impor- 
tance of  protecting  the  pumping  station  against  damage  by  fire  should 
not  be  overlooked.  The  pump  house  should  be  of  fireproof  construc- 
tion wherever  possible,  or  at  least  of  semi-fireproof  construction 
protected  by  sprinklers.  It  should  be  far  enough  from  the  city  to 
escape  being  destroyed  in  case  of  a  conflagration,  and  it  should  never 
be  a  part  of  or  attached  to  the  electric  power  or  gas  plant.  The  pump 
and  the  boiler  house  should  preferably  be  adjacent  in  order  to  pre- 
vent excessive  condensation  of  steam  in  long  lines  of  pipe.  The  boiler 
and  pump  house  in  the  case  of  factories,  etc.,  should  be  separated 
from  the  rest  of  the  plant  by  a  fireproof  wall  parapet,  etc.  Both  of 
these  rooms  should  have  doors  swinging  out  to  facilitate  escape  in 
case  of  accident  to  the  pumps  or  boiler. 

Although  it  should  not  be  a  difficult  matter  to  carry  out  these 
requirements  in  the  case  of  the  city  supply  station,  it  is  often  found 
difficult  properly  to  protect  the  fire  pump  room  in  the  case  of  factor- 
ies, mills,  hotels,  department  stores,  and  the  like;  for  of  necessity  it 
can  not  be  at  any  safe  distance,  and  often  in  fact  has  to  be  a  part  of 
the  building  which  it  is  designed  to  protect.  In  such  a  case,  the  best 
that  can  be  done  is  to  make  the  room  of  the  best  fireproof  construc- 
tion, ^ith  outdoor  openings  but  without  any  connection. to  the  rest 
of  the  building.  If  electric  power  is  used,  the  wires  for  some  dis- 
tance from  the  pump  should  be  underground. 

Air  and  Light.  In  all  cases  there  should  be  ample  provision  for 
good  ventilation  and  light.  There  should  be  a  clear  space  of  three 
or  four  feet  between  the  pump  and  the  walls  of  the  house  to  permit 
freedom  of  operating  or  repairing.  Four  feet  at  least  must  be  allowed 
between  the  top  of  the  pump  and  the  ceiling  so  that  the  priming  tank 
may  be  at  the  proper  height.  Neither  pump  nor  boiler  room  should 
coQjtain  a  closet  or  any  other  concealed  space. 
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Heating.  Pump  houses  should  be  heated  so  that  ^dien  the 
pump  is  idle  the  water  in  it  and  in  the  priming  tank  will  not  freeie. 
In  cold  climates  it  may  be  necessary  to  tap  a  small  steam  pipe  in 
the  suction  pipe  to  prevent  the  water  here  from  freezing. 

Pump  Foundations.  These  should  be  of  concrete,  brick,  or 
stone  laid  in  hydraulic  cement.  The  bolts  for  bolting  the  pump 
should  be  eml)edded  in  the  cement  as  should  also  be  the  iron  feet  of 
the  pump,  which  should  be  set  level.  After  the  cement  has  hardeiMd, 
the  nuts  should  be  screwed  do\Mi  finnly  on  the  bolts.  Motors  also 
should  I)e  securely  fastened  to  firm  foundations,  although  it  is  not 
necessary  to  fasten  the  steam  end  so  securely.  If  it  is  done,  the 
bolts  should  not  be  tightened,  as  some  allowance  should  be  made  for 
expansion  and  contraction  with  changes  of  temperature.  Wood 
should  never  Im?  used  for  foundations  as  it  is  not  only  too  weak  to  with- 
stand the  steam,  but  ultimately  rots. 

It  is  especially  important  that  reciprocating  pumps  be  finnly 
secured  as  otherwise  a  horizontal  pump  will  have  a  tendency'  to  travel 
In  all  cases,  proper  foundations  and  bolting  of  the  pump  reduce  the 
amount  of  vibration  attendant  to  its  operation. 

PIPE  DISTRIBUTINQ  SYSTEMS 

Pipe.  P^xpcrience  has  sho\\Ti  that  for  distributing  water  cast- 
iron  pipe  gives  the  Ix^st  all  around  satisfaction.  Wrought-iron  and 
rivctiMl  steel  pipe  suifer  more  from  corrosion,  and  wood  stave  pipe  is 
not  suitable  for  high  pressures;  nevertheless,  all  of  these  types  of  pipe 
are  in  use  at  the  prest^nt  time. 

WcmhI  Stave  Pipe.  Wood  stave  pipe  is  constructed  on  the  ground 
where  it  is  to  1k»  used,  by  putting  together  shaped  wooden  staves,  and 
holding  them  hy  wrought-iron  or  steel  bands.  Such  pipe  is  used 
principally  in  plact^s  to  which  it  would  be  difiicult  to  transport  iron 
pipe  on  account  of  its  weight,  as  is  the  case  in  many  western  locali- 
ties and  places  far  removed  from  the  railroad. 

Cement  Pipe.  Another  kind  of  pipe  which  has  been  used  exten- 
sivelv  in  the  east  and  is  still  used  to  some  extent,  consists  of  a  thin 
shell  of  wrought  iron  coated  inside,  or  both  inside  and  outside  with 
cement.  The  use  of  this  kind  of  pipe  is  rapidly  decreasing,  however, 
as  it  is  difficult  to  keep  the  cement  coating  intact;  it  breaks  easily 
and  exposes  the  wrought  iron  which  quickly  rusts  out.    Frequently 
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long  lines  of  such  pipe  have  been  instantly  shattered  by  lightning. 
At  its  best,  the  life  of  this  type  of  pipe  is  from  fifteen  to  twenty  years; 
whereas,  cast-iron  pipe  lasts  fifty  years  or  more. 

Standard  Cast-iron  Pipe.  The  American  Waterworks  Associa- 
tion issue  specifications  for  standard  pipe,  and  their  requirements 
have  been  adopted  by  the  National  Board  of  Fire  Underwriters,  so 
that  pipes  for  municipal  supply,  or  for  fire  purposes,  should  be  in 
general  as  follows: 

CAST-IRON  PIPE  SPECIFICATIONS 

The  pipe  should  be  cast  and  allowed  to  cool  in  sand  lined  moulds.  At  one 
end  is  to  be  cast  a  spigot  and  at  the  other  a  bell  to  make  the  joints,  Fig.  199. 
The  length  of  pipe  exclusive  of  the  bell  should  be  twelve  feet. 


Fig.  199.     Standard  Cast-iron  Pipe 

In  laying,  the  spigot  of  one  pipe  is  inserted  in  the  bell  of  the  next  as  shown 
in  Fig.  200,  and  the  joint  is  made  tight  by  calking  and  by  pouring  in  lead. 

After  the  pipe  is  removed  from  the  mould,  it  should  be  inspected  and 
rejected  if  im]>erfect  in  shape;  or  if  it  shows  any  imperfections  such  as  blow 
holes,  variations  in  the  thickness,  etc.  Foundries  have  their  own  inspectors 
for  this  work,  yet  the  parties  ordering  the  pipe  should  draw  up  their  own  speci- 
fications according  to  standard  and  have  some  representative  at  the  foundry 
who  should  see  that  the  work  is  done  in  accordance  with  these  specificationtj. 


Fig.  200.     Section  of  Caat-Iron  Water  Pipe  Showing  Method  of  Joining  Pipes  Together 

Smooth  throatage  for  the  pipe  is  essential,  and  to  secure  this  and  to  pre- 
set the  surface  as  far  as  possible  from  the  bunches  of  rust  or  tubercules  which 
>rm  on  water  pipe,  cast-iron  pipe  is  given  a  coating  of  a  mixture  of  tar  and 
Qseed  oil.  The  pipe  is  heated  in  ovens  until  it  has  reached  a  uniform  tem])cra- 
ire  of  300^F.     It  is  then  dipped,  and  allowed  to  remain  at  least  five  minutes 
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TABLB  XVIII 
Standard  Dimensions  of  Pipe* 

Claaaea  A,  B,  C,  D 

l^-A  — i-1  X  - 1*  on  8*  to  6"  inclusive;  1'  on  8  '  to «4'  inclusive. 

V -  A'  on  3*  to  6*  inclusive;  J*  on  8*  to  84*  inoluwve. 


3m  C 

♦  L 

1- 

-/e'-o*-  — 

J 

Actual 

Outside 

Diam. 

Inches 

Diam.  of  Sockets 

Depth  of  Sockets  | 

A 

B 

C 

Classes 

Pipe 
Incnes 

Special 

Castings 

Inches 

Pipe 
Incnes 

Special 

Castings 

Inches 

A 

4.80 

5.60 

5.70 

3.50 

4.00 

1.5 

1.30 

.65 

B-G-D 

5.00 

5.80 

5.70 

3.50 

4.00 

1.5 

1.30 

.65 

A 

6.90 

7.70 

7.80 

3.50 

4.00 

1.5 

1.40 

.70 

B-C— D 
A— B 

7.10 

7.90 

7.80 

3.50 

4.00 

1.5 

1.40 

.70 

9.05 

9.85 

10.00 

4.00 

4.00 

1.5 

1.50 

.75 

C— D 

9.30 

10.10 

10.00 

4.00 

4.00 

1.5 

1.50 

.75 

A— B 

11.10 

11.90 

12.10 

4.00 

4.00 

1.5 

1.50 

.75 

C— D 

11.40 

12.20 

12.10 

4.00 

4.00 

1.5 

1.60 

.80 

A— B 

13.20 

14.00 

14.20 

4.00 

4.00 

1.5 

1.60 

.80 

C— D 

13.50 

14.30 

14.20 

4.00 

4.00 

1.5 

1.70 

.85 

A    B 

15.30 

16.10 

16.10 

4.00 

4.00 

1.5 

1.70 

.85 

C— D 

15.65 

16.45 

16.45 

4.00 

4.00 

1.5 

1.80 

.90 

A— B 

17.40 

18.40 

18.40 

4.00 

4.00 

1.75 

1.80 

.90 

C— D 

17.80 

18.80 

18.80 

4.00 

4.00 

1.75 

1.90 

1.00 

A— B 

19.50 

20.50 

20.50 

4.00 

4.00 

1.75 

1.90 

.95 

C— D 

19.92 

20.92 

20.92 

4.00 

4.00 

1.75 

2.10 

1.05 

A— B 

21.60 

22.60 

22.60 

4.00 

4.00 

1.75 

2.00 

1.00 

C-D 

22.06 

23.06 

23.06 

4.00 

4.00 

1.75 

2.30 

1.15 

A     B 

25.80 

26.80 

26.80 

4.00 

4.00 

2.00 

2.10 

1.05 

C— D 

26.32 

27.32 

27.32 

4.00 

4.00 

2.00 

2  50 

1.25 

A 

37.96 

38.96 

38.96 

4.50 

4.50 

2.00 

2.50 

1.25 

B 

38.30 

39.30 

39.30 

4.50 

4.50 

2.00 

2.80 

1.40 

C 

38.70 

39.70 

39.70 

4.50 

4.50 

2.00 
2.00 

3.10 

1.60 

D 

39.16 

40.16 

40.16 

4.50 

4.50 

3.40 

1.80 

A 

50.  oL 

51.50 

51.50 

5.00 

5.00 

2.00 

3.00 

1.50 

B 

50.80 

51.80 

51.80 

5.00 

5.00 

2  00 

3.30 

1.65 

C 

51.40 

52.40 

52.40 

5.00 

5.00 

2  00 

3.80 

1.95 

D 

51  98 

52.98 

52.98 

5.00 

5.00 

2  00 

4  20 

2.20 

'American  Water  Works  Association. 
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These  principal  mains  should  be  at  least  in  duplicate.  Leading 
from  the  reservoir  or  pump,  they  should  supply  the  system  at  oppo- 
site ends,  so  that  in  case  of  breakage  of  one  of  them,  or  a  conflagra- 
"tion  in  one  part  of  the  city,  the  service  will  not  be  entirely  disabled. 

Designing  a  System.  Water  Consumption.  In  order  to  design 
a  distributing  system  a  map  of  the  territory  to  be  supplied  should 


c 


Fig.  201.     Typical  Sectiona  of  Cast-iron  Pipe  Bends  and  Joints 

first  be  prepared,  on  which  is  shown  the  streets  to  be  piped,  along 
i^ith  the  character  of  the  district,  whether  business  or  dwelling,  the 
population  of  the  different  districts,  and  the  sections  of  special  haz- 
ards— unusually  tall  buildings  or  congesteil  conditions — definitely 
marked.  Then  should  be  estimated  the  probable  consumption  of 
these  places  for  manufacturing  and  domestic  use,  followed  by  a  com- 
putation of  the  number  of  fire  streams  which  may  be  required  simul- 
taneously in  each  section  for  its  proper  protection.  Authorities  vary 
somewhat  in  giving  estimates  of  this  last  consideration ;  but  the  !ol- 
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uring  formula,  given  by  Kichling,  gives  results  which  are  approxi- 
itely  the  average  of  others  in  use: 

y=2.8i/5" 

which  y  is  number  of  hose  streams  and  x  is  population  in  thousands. 
Hose  streams  in  business  and  valuable  residential  districts 
ould  be  of  standard  capacity,  250  to  300  gallons  per  minute.  If 
onomy  is  necessary,  thinly  settled  districts  or  localities  where 
lildings  are  low,  and  values  small,  175  to  200  gallon  streams  may 


Fig.  202.     Gridiron  Piping  System  with  Location  of  Hydrants 

proNided.  With  this  data,  the  amount  of  water  required  for  fire 
otection  can  be  computed  and  added  to  the  ordinary  consump- 
»n,  and  thus  determined  the  maximum  amount  of  water  to  be 
pplied  to  each  district. 

Size  of  Mains.  The  arrangement  of  the  pipes  can  now  be  roughly 
termined,  and  the  "head"  desired  for  various  points  decided  upon, 
len  the  data  for  determining  the  size  of  the  mains  necessary  properly 
supply  any  point  A,  Fig.  202,  includes  (1)  static  head  at  A;  (2) 
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head  desired  at  A;  (3)  distance  to  be  traveled  to  A;  and  (4)  amount 
of  water  required  at  -1. 

Table  XIX  gives  velocity  of  flow,  and  loss  of  head  per  l,O00(ett 
in  distributing  pipes  when  delivering  a  given  number  of  2o0^ilk)Q 
fire  streams.  If  the  gridiron  system  is  used  in  which  the  pipes  are 
fed  from  both  ends,  t\iice  the  amount  given  in  the  table  can  be 
suppHed. 

When  the  size  of  the  mains  has  been  approximated  and  a  phn 
made,  the  arrangement  should  be  tested  from  various  points.  If  12 
fire  streams  are  required  at  A  with  400  feet  or  less  of  hose,  we  cu 
determine  whether  the  pipes  called  upon  to  supply  this  water  lie 
sufficiently  large  to  do  so,  by  indicating  about  A  a  circle  of  300  feel 
radius.  Fig.  202.    We  find  that  six  lines  of  6-inch  pipe  (fed  from 
one  direction  by  an  18-inch  pipe)  must  supply  the  water.   If  tlie 
hydrants  are  properly  spaced  each  pipe  must  supply  two  hose  streams, 
or  500  gallons  each,  beside  the  domestic  consumption.    The  loss  of 
head  in  a  6-inch  pipe  delivering  this  amount  of  water  would  be  about 
eleven  pounds  to  each  thousand  feet;  so  if  the  static  head  is  not  great 
and  the  distance  to  be  traveled  is  long,  such  a  pipe  would  not  give 
good  service  and  an  8-inch  pipe  would  be  needed.     If  the  static  head 
is  small  and  steam  fire  engines  are  to  be  ust»d,  the  question  of  sav- 
ing pressure  is  not  of  such  great  importance.     Table  X  shoi^  the 
relative  discharge  capacity  of  pipe.    One  8-inch  pipe  equab  2.05 
6-inch  pipe,  so  the  introduction  of  one  such  pipe  into  a  network  of 
smaller  ones  greatly  increases  the  discharging  capacity  of  the  system; 
and  it  is  often  a  better  method  of  furnishing  the  necessary  water  than 
slightly  to  increase  the  si/.e  of  each  pipe. 

Fire  Cisterns,  With  the  "gridiron  system,"  dead  ends  to  a  large 
extent  can  be  avoi(le<l.  When,  however,  the  irregularity  of  the 
growth  of  the  city  makes  such  ends  necessar\',  the  best  method  is  to 
terminate  the  pii)es  in  a  cistern  of  several  thousand  gallons  capacity, 
which  will  collect  the  water,  otherwise  lost,  when  these  ends  are 
flushed  or  blown  off,  and  save  it  for  the  use  of  steam  fire  engines. 

J^ahes.  Beside  the  determining  of  the  arrangement  and  size 
of  the  pipes,  the  location  of  the  necessary  valves  and  the  hydrants 
is  of  the  utmost  importance. 

Gate  valves  should  be  installed  at  regular  inter\'als  throughout 
the  system  so  that  in  case  of  accident  to  the  pipes  and  while  repairs 
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!>eing  made,  the  water  need  be  closed  off  from  only  a  small  sec- 
A  gate  valve,  Fig.  203,  consists  of  one  or  two  circular  disks 
which  can  be  screwed  down  into  a  groove  in 
the  pipe,  thus  entirely  closing  the  passage. 
On  streets  these  valves  are  operated  from 
manholes;  but  in  mill  yards  and  in  private 
property,  the  operating  shaft  is  brought 
abo\'e  ground  and  jacketed  into  an  indicator 
post  from  which  the  valve  may  be  opened 
or  closed. 

Indicator  posts,  Fig.  204,  show  whether 
the  valves  are  open  or  shut  by  displaying 
through  a  little  window  on  its  side  the  word 
"OPEN"  or  "SHUT,"  according  to  which 
way  the  shaft  inside  is  turned.  The  operat- 
ing stem  must  be  of  bronze  finished  at  the  up- 
per end  in  a  solid  nut  one  and  one-fourth 
s  square  and  one  inch  high.  Some  way  must  be  provided  to 
w  strap  this  valve  either  open  or  shut.  As  for  the  valves  them- 
;,  insurance  companies  permit  either  a  built-up 
olid  wedge  gate  if  when  open  they  give  an  un- 
acted water  way  the  nominal  size  of  the  pipes, 
a  2i  inches  or  smaller  must  have  the  body  and 
it  made  of  bronze.  For  larger  sizes  thej'  may 
ide  of  cast  iron,  or  some  other  hard  close  metal. 
!  built-up  gate  is  used,  at  least  one  surface  must 
bronze;  and  both  should  be  made  of  this  metal 
gate  fits  tightly,  thus  pre\'enting  the  rusting  to- 
r  of  the  parts. 

iir  and  vacuum  wives  are  usetl  at  various  points 
e  system  to  restore  it  to  proper  working  condi- 
For  example,  when  a  new  system  is  being  filled, 
ir  in  the  pipes  must  have  some  way  of  escape  as 
ater  enters.  Again,  the  air  which  is  admitted  with  ^ 
ater  has  a  tendency  to  accumulate  at  the  highest  J  "^ 

s  in  the  pipe  lines  and  in  time  it  seriously  inter-  N  ^ 

with  the  flow  of  the  water.    To  dispose  of  this  air    [/^>^.^__J 
lecesiiary  to  have  air  relief  valves  at  these  points.    '' '"ato"  Po.t"'^'' 
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When  a  section  of  pipe  of  irr^ular  level  is  drained,  the  witv 
water  settles  in  the  low  parts  and  vacuums  are  formed  at  the  sun* 
mits;  and  unless  air  is  admitted  the  pipe  is  likely  to  collapse  at  diese 
points.  This  can  be  prevented  by  installing  vacuum  valves  at  sod 
places.  Hydrants  when  properly  located  may  be  used  both  is  lir 
and  as  vacuum  valves. 

Bloiv^ff  valves  should  be  placed  at  dead-ends  and  in  low  puts 
of  the  piping  systems  where  sediment  is  likely  to  collect,  so  thit  the 
pipes  may  be  flushed  out.  Mention  has  already  been  made  of  the 
advantage  of  a  cistern  at  dead  ends.  At  other  points,  the  witff 
mains  should  be  so  connected  as  to  discharge  into  the  sewer  when  the 
blow-off  valves  are  opened. 

Water  hammer ,  which  is  caused  by  the  flow  of  the  water  in apip- 
ing  system  being  suddenly  checked  by  the  closing  of  valves,  hydnnts, 
faucets,  etc.,  is  sometimes  sufficient  to  break  pipes  unless  aiNiuuB" 
bers  are  installed  at  interv^als  or  valves  used  which  are  arranged  to 
open  against  the  pressure  of  a  spring  and  to  close  as  the  force  of  the 
water  hammer  decreases. 

Valves  for  separating  supplies  must  sometimes  be  used.  For 
example,  if  changes  pf  level  in  the  city  make  two  systems,  "high  and 
low  service,"  necessary,  these  two  should  be  connected  by  valves  so 
that  in  case  of  fire  in  the  low  part  the  high  pressure  system  may  be 
made  available  for  use  by  opening  the  valve.     Again,  places  hav- 
ing their  own  pumps  for  fire  service  often  draw^  from  polluted  canals, 
rivers,  etc.,  the  piping  system  being  usually  connected  by  a  check 
valve  to  the  city  supply  mains  from  which  water  can  be  drawn  when 
the  fire  pumps  are  not  in  operation.     WTien  these  pumps  start  and 
bring  great  pressure  to  bear  on  this  check,  if  it  is  not  perfectly  tight, 
pollutes!  water  may  leak  into  the  city  mains.     To  prevent  this,  many 
plants  are  installing  double  check  valves,  a  few  feet  apart,  and  are 
having  them  regularly  inspectt^d  to  make  sure  that  there  is  no  leak- 
age.    Such  a  course  although  not  prescribed  is  reconunended. 

Hydrants.  A  liberal  distribution  of  hydrants  is  both  a  matter 
of  economy  and  of  convenience,  for  this  will  avoid  the  long  leng:ths 
of  hose  with  their  attendant  loss  of  pressure  head.  Furthermore, 
hose  lasts  from  five  to  ten  years;  whereas,  a  hydrant  lasts  fifty  years 
or  more,  and  in  the  beginning  costs  less  than  a  length  of  good  hose. 

To  be  easily  found,  hydrants  should  be  painted  red  and  located 
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us  places,  preferably  on  street  corners  where  they  will 
nost  noticeable,  but  will  also  be  useful  over  the  greatest 
I.    If  the  blocks  are  long,  the  hydrants  on  the  street 
iggered;  i.e.,  placed  on  alternate  sides  of  the  street, 
'drants  ha\nng  two  or  three  or 
s — the    so    called     "two-way," 
'  etc. — should  be  used.    On  nar- 
nd  in  localities  where  there  is  no 
■face  or  flush  hydrant,  which  does 
ve  the  level  of  the  street,  may 

under  other  conditions  the  post 
I  be  preferred.  The  post  should 
y  large  (never  under  5|  inches) 
i  necessary  amount  of  water  to 
great  loss  of  pressure  head.  The 
ecting  the  hydrant  to  the  water 
be  at  least  6  inches  in  diameter 
»r  three-way,  and  8  inches  for  a 
■drant,  which  should  always  be 

the  largest  main  available.  The 
>r  riser  should  be  enclosed  in  a 
ise  to  protect  the  hydrants  from 
;vent  its  being  forced  up  by  the 
e  ground  about  it.     In  this  riser 

also  be  a  drip  vent  arranged  to 
tically  as  the  hydrant  is  closed, 

water  remaining  in  the  pipe  to 
o  the  gutter  or  into  a  prepared  ^"^^^am^Jd'Giob^v'^f*"' 
and  gravel, and  thus  pre\ent the  rouriMu autsirph^a. .va«„fae- 
he  hydrant.    Great  care  shoukl 

see  that  this  vent  is  not  only  provided  but  is  kept 
..     Yearly  there  are  disastrous  fires  before  which  the  fire 

are  nearly  helpless,  on  account  of  frozen  hydrants,  due 
lexcusable  carelessness. 
:  valves  are  either  gate  valves,  as  already  described,  or 

as  shown  in  Figa.  205  and  206,  this  type  of  hydrant 
compresawn  hjdrants.  Some  forms  of  hydrants  have 
ig.  207,  so  that  when  repairing  the  riser,  the  gate  next 
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the  main  may  be  closeil  and  the  votk  done  without  shuttiiig  off  die 
water  from  any  section  of  the  dty. 

Hofs  Hmtaet.  If  the  manaf^ement  considera  its  plant  of  suffi- 
cient value  to  justify  the  expense  of  installing  and  maintaining  pomp 
piping  and  hydrants  fur  private  fire  protection,  it  should  not  (fm- 
look  the  importance  of  pro\'iding  hose  houses  ovct  the  sepanU 
hydrants,  as  shown  in  Fig.  208.  Without  some 
such  provision  for  storing  the  hose  and  the  other 
necessaiy  equipment  at  the  places  where  the>'  iR 
to  be  used  it  may  be  found  in  case  of  fire  thit 
these  all  important  things  are  at  a  distance,  or 
perhaps  stored  in  a  place  to  which  the  fire  and 
Kmoke  make  access  to  them  impos^ble.  Moreo\~ft, 
thi>  durability  of  hose  is  prolonged  by  Coring  it 
on  slatted  lihelves  in  well  ventilated  houses. 

Standard  hose  houses  are  usually  3e\-en  feet  high 
ami  enclose  an  area  about  6  feet  by  6  feet  for  two- 
or  three-way  hydrants,  and  8  feet  by  8  feet  for 
f(mr-wa\'  hydrants.    They  are  supported  at  each 
corner  by  a  brick  pier  8  inches  high  and  12  inches 
Miuiirc.    Tile  roof  should  be  weathertight  atthou^ 
there  slwniM  l>e  an  opening  under   the  eaves  to 
l>erniit  free  circulation  of  the  air.     Often  no  floor- 
ing is  used  and  in  any  case  it  should  only  be  a 
slatted  one.     The  doors  should  be  in  pairs,  hung 
on  hea\y  tee  hinges;  should  open  the  whole  width 
of  the  house;  and  should  swing  one  foot  abow 
the  ground. 
I'niiKT  sheb'es  for  the  hose  are  made  of  3-inch 
^uS?^in  *rvii™ n't    '^'•^^'^  spaced  li  inches  apart.    If  wider  spacing  is 
■nil  t;i..bi- \  aivc      ,,^^_   the   hose   might  catch  in  the  opening,    k 
two-   or   three- way   hydrant   house   should   contain   one   hundred 
feet  of   National  .Standard   h«)se  (2|  in.  diameter,  cotton,  rubber 
lined),  attached  to  the  h\drants  and  laid  in  layers  on   the  lower 
sliolf.     A  four-wa>-  hydrant  should  have  two  such  lengths  of  hose 
attaehiil  (HI  <)[i]ii)site  sides.     On  the  upper  slielf  not  less  than  two 
extra  fitty-f(H)t  lengths  of  hi>se  arc  to  be  stored.     Each  house  should 
also  contain  two  axes  suid  have  two  ladder  straps,  four  spanners,  a 
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FJrfiruhjitii.  Wattr  pipt^  are  often  seriously  danufcedViti^ 
elec-tric  currents  nliicli  an-  returning  to  the  power  bou.se  rran sne 
nearby  eUt-tric  railroad.  This  current  enters  and  flows  sloif  tb 
pipe  until  it  reaches  some  point  such  as  a  joint,  xrhere  the  resstun 
to  its  flow  is  lar^;  here  it  leaves  the  pipe  and  goes  into  theftroond, 
or  else  o^'orcomes  the  resistance  and  continues  on  the  pipn  to  i 
point  near  the  power  house,  where  it  leaves  them  to  return  to  to 
source.  No  damage  is  done  at  the  place  where  the  currait  is  jMnl 
up,  or  while  it  is  following  the  pipes;  but  at  the  point  where  tlxnir- 
rent  lea\'es  an<l  goes  into  the  ground  electrot>'sis  is  producoi,  ud 
the  pipe  decomposed.  T)ie  amount  of  the  damage  Aow  deprab 
upon  the  amount  of  the  current,  and  the  character  of  the  sdl.  lU 


Built  around  Hydnst 


e\'ident  that  the  pipe  near  the  joints  and  in  the  vicinity  of  thepoW 
house  .siitfers  most  from  this  cause.  This  damage  may  be  reduw 
l>y  "iKHidiiic"  ihc  i)ii)es,  that  is,  by  attaching  copper  wires  to  theiD 
and  leading:  tlicsf  wiri^s  to  some  point  of  lower  potential  such  as  I*) 
to  tlie  gnnindcd  .-^ide  of  the  generators  at  the  power  house;  (b)  w 
"negati\e  feeders".  The  latter  are  hea\y  copper  conductors  whidi 
the  railway  (■oiiipun>-  fretiuentl^-  run  from  the  grounded  side  of  the 
generators  and  attach  to  various  points  of  their  track  system;  or  \i) 
directly  to  tlic  trucks.    The  current  leaving  the  pipes  through  these 
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loes  not  enter  the  ground  and  thus  electrolysis  is  prevented, 
/er  this  is  done,  care  must  be  taken  to  have  the  bonds  so 
that  under  no  conditions  of  operation  of  the  railroad  will  a 
be  fed  into,  instead  of  being  drawn  from,  the  pipes  by  these 
ires. 

jst  Line.  In  installing  new  pipes  care  must  be  taken  to  see 
ey  are  below  the  hydraulic  grade  line  and  likewise  below  the 
\e.  If  they  are  placed  in  new  streets,  they  must  be  laid  deep 
to  permit  the  surface  of  the  ground  to  be  removed  in  subse- 
^ading  without  bringing  them  dangerously  near  the  top  and 
t  the  freezing  point.  In  New  England,  the  small  mains  at 
ould  be  from  five  to  seven  feet  from  the  surface,  and  in  north- 
tudes  they  should  be  laid  even  deeper. 

CONCLUSIONS 

e  conditions  discussed  in  the  foregoing  pages,  are  those  which 
be  maintained  in  order  to  secure  the  best  possible  fire  pro- 
Insurance  companies  require  that  all  private  water  supply 
\  conform  with  respect  to  pimips,  piping,  etc.,  to  these  speci- 
s;  and  that  these  standards  be  maintained,  if  the  insured  is 
ve  the  maximum  credit  on  his  premiums  for  the  protection 
he  has  installed. 

:tors  Affecting  Efficiency  of  Water  Supply.  Low  Hydrant 
e.  In  designing  a  distributing  system  for  a  city  cr  town, 
r,  economy  is  often  such  a  factor  that  the  fire  protection 
he  resulting  system  can  afford  often  falls  far  short  of  the  ideal, 
es  often  find  that  a  gravity  head  from  some  natural  source 

hand  can  be  secured,  which  will  give  sufficient  pressure  for 
y  needs;  in  such  a  case  the  maintenance  of  pumps  to  furnish 
ssure  would  not  be  economical.  Neither  is  it  economv  for 
ties  to  maintain  by  pumping  a  fire  pressure  over  extensive 
;o  that  the  condition  most  often  met  is  a  hydrant  pressure 
s  too  low  for  fire  service  and  which  must  be  supplemented 
engines, 
der  all  conditions,  therefore,  where  water  is  abundant  and 

hand  but  where  pressure  is  lacking,  the  value  of  the  water 
def)ends  upon,  and  must  he  rated  according  to,  the  character 
local  fire  department  and  the  eciuipmcnt.     Insurance  com- 
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panies  rate  such  departments  according  to  the  suffidenc}'  of 
equipment  of  hose,  hooks  and  ladders,  and  fire  engines,  and  the  cue 
taken  of  them,  and  according  to  the  organization  of  the  fora,  v 
follows: 

INSURANCE  RATING  OF  FIRE  FIGHTING  EQUIPMENT 

First  Class.  Chief,  subordinate  officers,  and  full  complement  of  nm  to 
each  company  full  paid  and  permanent iy^housed  in  company  quarten;a|ipi» 
t us  to  be  fully  manned  and  be  drawn  by  horses  owned  by  the  deptttnnt, 
trained  for  the  service,  and  used  for  no  other  than  fire  department  pupoRL 

Second  Class.  Chief,  subordinate  officers,  and  the  majority  of  the  ma 
uf  each  company  full  paid  and  permanently  housed  in  company  qiurten:  the 
rest  of  the  complement  being  "call-men**  paid  for  services  perfonned:  othff 
conditions  as  to  organization  being  identical  with  those  nominated  forthefint 
class. 

Thini  Class.  Engineers,  stokers,  drivers  and  tillermen  to  be  f uU  piid 
and  i>erinancntly  housed  in  company  quarters,  the  rest  of  the  complemnt 
being  volunteers.  (Jthcr  conditions  as  to  organixations  being  identical  vhh 
secoml  class. 

Fourth  Class.  Engineers  and  drivers  only,  full  paid  and  permanenily 
housed  at  company  quarters;  rest  of  the  complement  being  volunteers.  Bona 
belonging  to  the  department,  but  used  for  other  purposes  during  iheday-timf 
when  not  on  dutv  in  fire  service. 

Fifth  Class.  Fully  organized  and  officered  volunteer  sennce,  under 
municipal  control  and  with  apparatus  drai^v'n  by  hired  horses. 

Sixth  Class.  Same  :is  fifth  class,  but  with  apparatus  ^rawn  by  oujiual 
power. 

Savnth  f'lass.  \'oluiittMT  service  without  regular  organization,  not  undff 
municipal  control  and  with  manually  drawn  apparatus. 

Prirafr  Ownership.  Although  from  any  standpoint  the  prix'atc 
ownership  of  a  community  s  water  supply  can  not  be  too  severely 
criticized,  such  a  condition  is  especially  to  be  condenmed  by  all  inter- 
est i»d  in  the  fire  prot  taction  of  a  locahty.  Private  water  companies  are 
cun  (entirely  for  profit  and  this  financial  gain  is  their  first  object; 
whereas,  the  first  considerations  of  water-supply  systems  under 
municipal  control  are  public  comfort  and  public  safety. 

Connnunities  having  to  purchase  their  water  fn>m  water  ct)m- 
I)aiiies  usually  pay  a  spivifiwl  amount  as  rental  for  each  hydrant,  irre- 
siH'ctive  of  the  amount  of  water  used  fmm  it ;  therefore,  economy  of  the 
water  usinI  from  these  hydrants  is  desirable  to  the  water  company. 
This  tK(>ii()m\'  is  easily  effecte<l  by  putting  the  hydrants  on  small 
mains  and  l)v  kcH'ping  the  valvi»s  closed  in  the  large  supply  pipes. 
The  numl)er  of  cities  now  getting  their  water  from  private  companies 
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is  90  alarming  that  in  one  instance,  at  least,  the  attention  of  the  legis- 
lature was  called  to  it  and  measures  asked  to  prevent  it.  Too  fre- 
quently it  occurs  under  such  management  that  property  owners 
and  fire  departments  have  to  plead  in  vain  for  more  water  and  watch 
property  destroyed  with  their  chief  source  of  defense  limited  by  the 
stubbornness  or  stinginess  of  some  water  official.  A  conununity, 
finding  itself  in  such  a  position  and  making  any  protest,  must  usually 
submit  or  perhaps  have  its  entire  water  supply  withheld,  or  else  pay 
for  its  extra  privileges  whatever  the  water  company  may  demand. 
Meters  on  Fire  Service  Pipes.  When  the  water  works  are  owned 
by  the  community,  it  would  be  natural  to  suppose  that  as  all  such 
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Systems  are  additional  protection  to  the  community,  the  water  used 
*H  private  fire  protection  systems  would  be  furnished  free.  Unfor- 
tunately, however,  experience  has  shown  that  large  quantities  of 
^ater  are  often  taken  from  such  s\'stem5  by  ignorant  or  unscrupu- 
lous persons  for  other  than  fire  purposes;  iind  in  order  to  protect 
themselves,  some  cities  have  been  obliged  to  require  meters  on  all 
Private  fire  service  pipes.  From  a  fire  insurance  standpoint,  this 
Practice  is  very  objectionable;  for  as  yet,  no  meter  satisfactory  to 
Wth  the  insurance  people  and  the  water  works  iniinagcnient  has 
been  devised. 
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Of  the  meters  now  in  use  the  oadllating  diik,  the  rotary  jaim, 
and  the  reciprocating  itisfon  tj-pes  measure  the  water  by  somepai- 
live  dispiaeenient  device  (similar  to  pumps),  according  to  theduft 
or  motion  of  which  they  derive  their  names.  These  meters  ue  mi 
narily  quite  accurate,  though  the  loss  of  head  from  frictioo  mthn 
is  great. 

The  eurrrnt  mtivr  contains  a  sort  of  water  wheel,  on  t  I'ntkii 
axis,  which  is  re\'olvcd  b\'  the  water  flowing  by  it.  The  fricliii 
loss  in  this  meter  h  comparatively  small,  although  especiall>-  vA 
small  flows,  it  is  not  so  accurate  as  other  tj-pea. 

The  Venliiri  meter  consists  of  a  pipe  decreai^ng  in  aze  fwidb- 
tance,  then  more  gradually  increasing  until  it  is  again  the  nxnil 
^»  ~  -  diameter.    The  velocity  of  the  witEriii 

passing  through  this  contraction  is  in- 
creased and  the  pressure  decreased,   A 
registering  device  goes  with  this  «ti4 
takes  the  pressure  at  the  entrance  tothe 
meter  and  again  at  the  point  of  antlkst 
(TOSS  section,  and  from  them  detennins 
the  velocity  and  the  amount  of  theflc*- 
This  registering  device  is  veryexpensivf. 
The  firsttliree  typesof  metcraaltlicni^ 
approved  h\  the  water  authorities  b^ 
cause  of  their  accuracy-,  are  espfoaUj' 
bad  from  an  insurance  standpoiatift* 
aside  from  reducing  the  pressure  thej' 
may  at  any  time  become  clogged  with 
,g  sediment  or  debris  and  thus  allow  but 
rmrti^'x^Keraii  v!i»ui.iriuTin      ^ '"''•^'  ''^*'^  watcr  to  pass.     Current  800 
v<im,-ina.  .\iK  lurt  A'cnturi  meters  are  much  less  likely  t" 

clog  up  and  cause  but  small  friction  loss;  yet  as  has  been  men- 
tioncti,  the>-  arc  not  sulliciently  sensitive  to  measure  small  flo«. 
and  are,  therefore,  not  so  satisfactory  to  the  water  management  »* 
the  fiirmcr. 

Bcsidi's  the  objections  note<l,  the  expense  of  metering  appara- 
tus makes  it  ulijcct  ion  able  to  property  owners.  Meters  fpomfourto 
eight  iiichcs  cost  from  S17'>.0()  toS05().00:  yet  in  spite  of  the  expense, 
it  is  wise  to  install  a  meter  a  size  larger  than  the  pipe,  ortodividelbe 
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1  into  several  branches  with  a  meter  on  each,  after  which  the 
s  should  be  reunited  into  one  main.  By  either  of  these  methods, 
friction  loss  may  be  reduced  and  the  danger  of  cutting  off  the 
)ly  by  clogging  reduced  to  a  minimum. 

There  are  on  l^e  market  many  kinds  of  meters  which  are  designed 
irercome  some  of  the  evident  faults  of  the  ordinary'  types;  but  the 
)rity  of  these  are  arranged  to  measure  only  small  flows  and  caji 
bandle  the  larger  amounts  such  as  would  be  used  in  case  of  fire, 
difficulty  may  be  overcome  in  several  ways.  For  example,  a 
k  valve  may  be  installed  in  the  main  pipe  and  a  metered  by-pass 
3  around  it.  Ordinary  flows  will  not  open  the  check  but  will  go 
igh  by-pass  and  meter.  Large  flows,  however,  will  open  the 
3  and  the  water  unmeasured  will  flow  through  the  main  pipe, 
n,  instead  of  this  check  valve  a  gate  valve  may  be  used  which  is 
ited  from  a  post  indicator;  this  should  be  frequently  inspected 
e  that  it  is  kept  closed  except  in  case  of  fire.  Any  such  schemes 
lese  which  permit  the  water  for  fire  purposes  to  flow  unob- 
5ted  are  preferable  to  placing  a  meter  on  the  main  pipe. 
When  the  object  is  simply  to  prevent  water  from  being  used  for 
r  than  fire  purposes,  this  may  usually  be  accomplished  by  install- 
in  alarm  valve  arranged  to  ring  an  alarm  at  the  pumping  station, 
mgine  house,  or  wherever  else  desired,  whenever  water  flows  into 
ire  pipes.  These  alarms  have  none  of  the  objectionable  features 
leters  and  are  therefore  largely  used.  See  "Alarm  Valves/'  Fire 
ranee  Inspection  III. 

Inspection  of  Water  Supply.  In  inspecting  a  water  supply 
5m,  the  features  which  have  been  explained  in  the  foregoing 
ters  should  be  investigated  and  reported  upon.  For  testing 
Jure,  the  inspector  is  usually  given  a  pressure  gauge,  Fig.  209.  The 
p's  capacity  is  shown  on  the  plate  and  many  pumps  are  fitted 
a  recording  pressure  gauge.  Fig.  210,  which  is  arranged  to  hold  a 
'  of  scaled  paper,  upon  which  a  point  controlled  by  the  pressure 
5s  a  continuous  record  of  this  pressure.  These  records  should 
be  examined  by  the  inspector.  From  such  sources  as  these,  and 
observations  and  questionings,  the  desired  information  may  be 
cted,  and  deductions  made.  However,  to  obtain  the  most 
rate  knowledge  of  what  can  be  expected  of  a  water  supply  sys- 
the  method  to  be  followed  whenever  [Hyssible  is  to  give  the  system 
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an  actual  test  through  hose  lines  exactly  as  might  be  required  by  a 
possible  fire.  Only  by  such  a  test  can  the  combined  influences  (rf  the 
corrosion  of  the  pipes,  the  friction  due  to  velocity  of  flow  and  bends 
in  the  pipe,  and  many  other  variable  factors,  be  determined. 
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PUBLIC  FIRE  PROTECTION 

Every  community,  according  to  its  size,  has  a  greater  or  less 
sponsibility  toward  its  citizens  in  the  matter  of  fire  prevention 
id  fire  protection.  To  prevent  fires,  cities  and  large  towns  make 
id  enforce  laws  and  ordinances  regarding  building  construction; 
e  sale  and  storage  of  inflammable  liquids,  explosives,  etc. ;  the  care 
id  occupancy  of  buildings;  the  installation  of  power  and  heating 
»paratus;  the  collection  and  disposal  of  rubbish;  and  the  doing  of 
unerous  other  things  where  any  carelessness  in  individual  manage- 
ent  fnight  jeopardize  the  public  safety.  To  protect  against  fire 
iste,  fire  departments  and  their  auxiliaries  are  organized,  equipped, 
id  maintained.  According  to  the  excellency  of  its  laws,  the  rigidity 
ith  which  they  are  enforced,  and  the  efficiency  of  its  fire  depart- 
ent  and  the  fire  department  auxiliaries,  the  fire  record  of  a  com- 
unitv-  is  creditable  or  otherwise. 

f 

FIRE  PREVENTION  AUXILIARIES 

Insurance  Company  Provisions.  Politics,  individual  interests, 
id  other  considerations  so  often  enter  into  law-making  that  insur- 
ice  companies  have  to  supplement  city  and  town  ordinances  with 
quirements  of  their  own,  to  w'hich  any  risk  must  comply  before  it 
n  obtain  insurance  from  any  particular  company  in  question, 
surance  companies  through  the  medium  of  the  National  Board 
Fire  Underwriters,  The  Associated  Factory  Mutuals,  The  National 
re  Protective  Association,  and  such  organizations,  issue  specifica- 
►ns  for  standards  of  materials,  construction,  and  apparatus,  and 
ike  suitable  rate  reductions  when  a  risk  substitutes  any  standard 
iture  for  gne  not  appro\'e(l.     They  also  pass  ordinances  for  the 
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from  the  t»lwtrit*al  ilcpartment  should  make  frequent  inspections  to 
st*e  that  their  rtH|uirtMnents  an*  met  and  to  order  any  changes  they 
may  find  necessary. 

Before  any  company  is  allowed  to  turn  the  current  on  to  aay 
new  wirinj:,  they  are  required  to  see  that  the  electrical  department 
has  issued  a  properly  filled-out  certificate  to  the  effect  that  the 
electrical  installations  an*  safely  and  satisfactorily  made. 

Bureau  of  Combustibles.  The  Bureau  of  Combustibles  isobn- 
ously  established  to  dictate  a)nceming  the  safe  storage,  transpo^ 
tatiouy  and  sale  of  inflammable  liquids  and  explosives.  Where  sudi 
a  bureau  does  not  exist,  this  work  may  be  done  by  men  appointed 
from  the  fire  department  by  the  fire  marshal  or  by  the  fire  wardens. 

Fire  Marshal  and  Fire  IVardens.    The  duty  of  the  Fire  Marshal 
or  Fire  Wardens  is  to  investigate  fires  in  order  to  determine  their 
cause  and  to  see  that  arson  is  prosecuted.     In  some  places  they  also 
see  to  the  buying,  testing,  etc.,  of  the  fire-fighting  equipment.    In 
large  places  these  men  are  usually  chosen  from  the  fire  department^ 
and  they  may  also  be  given  the  care  of  combustibles.    In  small 
places,  however,  attention  is  seldom  paid  to  the  regular  occupation 
of  the  marshals  or  wardens.     Here  such  officers  are  elected  by  ballot, 
and  their  duties  include  not  only  the  investigating  of  fires,  but  the 
enforcing  of  certain  local  laws,  such  as  prohibiting  fires  outdoors  du^ 
ing  certain  seasons,  etc.     In  the  deficiency  of  a  fire  department,  the 
fire  warden  should  call  out  and  direct  the  citizens  in  fighting  any 
fire  that  may  occur  within  his  district. 

Police  Ih'partmenf.  The  Polict*  Department  may  be  consid- 
ered a  fire  department  auxiliary  since  it  greatly  aids  in  detecting 
fires  and  sending  in  alarms.  This  department  is  u.sually  required 
to  send  a  squad  of  men  to  fires — usually  not  until  the  second  alarm— 
to  establish  fire  lines  and  to  keep  lookers-on  and  the  general  traffic 
from  interfering  with  the  free  work  of  the  firemen. 

Insurance  Patrol.  The  Insurance  Patrol  or  Salvage  Corps  is 
organiztnl  and  maintained  by  insurance  companies  for  the  purpose 
of  solving  property  at  a  fire.  These  men  respond  to  second  alarm 
fires  and  bring  with  them  tarpaulins  for  covering  goods  to  protect 
them  from  getting  W(^t  or  injunnl  by  the  ashes  or  the  falling  of  burned 
or  wet  material.  These  men  may  remove  stix^k  whenever  necessary 
and  in  general  see  that  no  avoidable  waste  or  damage  occiu^. 
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Misedlaneous  Auxiliaries.  In  ail  cities  and  in  most  large  towns 
*  exists  one  or  more  bodies  of  influential  business  men  organized 
he  purpose  of  protecting  thfe  business  interests  and  of  promot- 
the  general  welfare  of  the  city.  The  Chamber  of  Commerce, 
Committee  on  Public  Safety,  The  Merchants'  Fire  Protective 
dation,  and  such  organizations  do  great  good  in  making  recom- 
lations  and  urging  changes.  Most  city  fire  reports  show  that 
bodies  of  men  have  effected  the  widening  of  narrow  streets,  the 
t)vement  of  the  paving,  the  removal  of  overhead  wiring,  and  in 
erous  other  ways  have  facilitated  fire  fighting  and  reduced  the 
1  fire  hazard. 

Tte  Chambers  of  Commerce  in  Rochester,  N.  Y.,  and  in  Boston 
J  carried  on  active  campaigns  for  the  prevention  of  fires  in  their 
8.  They  have  issued  literature  intended  to  mstruct  their  citizens 
eming  the  subject  and  to  bring  them  to  a  realization  of  their 
ndual  responsibility.  They  have  urged  and  effected  such 
X)vements  within  the  lines  of  fire  prevention  and  fire  protection 
other  cities  would  do  well  to  follow  their  valuable  examples. 

FIRE  DEPARTMENTS 

History.    Soon  after  the  London  fire  in  1666,  we  find  the  first 
insurance  companies  organized  and  almost  simultaneously  with 
came  the  first  organized  fire-fighting  brigade.    When  a  company 
ed  a  building,  it  affixed  to  it  a  plate  designating  the  fact.     Each 
ance  company  maintained  a  fire  brigade  and  owned  its  own 
ratus.    A  watch  tower  system  of  alarms  was  employed  and, 
I  any  alarm  was  heard  from  these  towers,  each  company  sent 
ts  fire  department  to  find  the  fire.     If  the  building  was  insured 
le  of  the  responding  companies,  their  brigade  stayed  and  fought 
lames  while  the  other  departments,  after  determining  that  none 
e  property  insured  by  their  company  was  exposed  to  danger, 
ned  to  their  quarters  without  lending  assistance, 
♦'inally,  however,  these  separate  companies  were  combined  into 
leral  and  more  effective  fire  department.     From  this  small 
ning — with  the  gradually  increasing  need  of  a  body  of  skilled 
jhters,  and  with  the  advance  of  science  which  has  caused  the  old 
al  engine,  Fig.  211,  with  its  attached  tank  of  water  to  be  replaced 
e  modem  steam  or  gas  driven  pumping  engine,  Figs.  226  and 
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227,  drawing  from  the  municipal  supply  mains — our  present  fin* 
departments  have  developed. 

The  equipment  and  personnel  of  the  numerous  fire  departments 
of  our  country  today  are  as  greatly  diverse  as  the  population  and 
means  of  our  different  cities  and  towns,  .and  in  general  they  corre- 
q>ond  to  these  last  two  factors.  The  fire-fighting  facilities  of  a 
cranmunity  are  likely  to  be  a  much  more  accurate  index  of  its  liber- 
ality in  appropriations  than  of  its  needs  in  this  direction. 

Support.  Statistics  show  that  towns  of  from  5,000  to  10,000 
pcq>ulation  appropriate  from  20  to  70  cents,  or  an  average  of  42 
oents  per  capita  annually  for  fire-fighting  purposes;  while  our  largest 
and  most  progressive  cities  appropriate  more  than  $200  per  capita. 
In  many  anudler  towns  these  scant  appropriations  are  annually 
expended  in  wardens'  fees,  fighting  forest  fires,  etc.,  leaving  nothing 
with  whidi  to  buy  apparatus  or  to  maintain  any  kind  of  a  fire  depart- 
ment. When  sudi  towns  possess  any  equipment,  it  is  most  often  the 
1^  of  the  village  improvement  society  or  some  other  similar 
iiigMiaation. 

DEPARTMENT  PERSONNEL 

flntifn  of  Firemen.  The  fire  fighters  of  this  country  may  be 
'^BDttally  daaaified  as  volunteers,  call  men,  and  full  paid  men. 

VohmiBgn.  The  majority  of  firemen  in  the  United  States  are 
Tolnnteers.  Although  there  is  record  of  much  excellent  service  on 
tteir  parti  and  many  towns  are  unable  to  support  any  other  kind  of 
a  oompany,  yet  so  many  are  the  drawbacks  and  uncertainties  con- 
nodbbA  with  volunteer  work  that  a  paid  department,  however  slight 
the  lequital,  will  usually  be  found  to  give  much  more  ef!i(*ient  service. 

Vcdunteer  companies  are  often  too  large  to  be  easil\'  (iiscipline<l 
or  directed  at  a  fire.  The  officers  are  usually  elected  by  ballot  and 
may.  or  may  not  be  competent  to  fill  their  positions.  From  the 
nature  of  the  ser\dce,  dependence  can  not  be  made  upon  the  regu- 
larity of  the  attendance  of  the  members,  or  of  the  best  among  them 
responding  to  a  call. 

Many  incentives  to  prompt  work  and  good  attendance  have 
been  tried — as  when  there  is' more  than  one  company  in  a  town,  a 
certain  sum  of  money  is  given  to  the  corai)any  which  gets  the  first 
stream  of  water  over  a  fire.    Although  valuable  to  a  certain  extent. 
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any  method  which  stimulates  rivaln*  between  the  con^Miiia  is 
dangerous,  for  then  company  interest  and  not  the  to^Ti's  welfare  b 
made  the  important  object.  This  develops  the  tendency  for  one 
company  to  oppose  any  needed  improvement  in  apparatus  or  per- 
sonnel in  another  district — ^if  it  is  to  be  of  benefit  to  another  company. 

In  the  case  of  forest  fires  or  other  large  fires  near  small  villages, 
even  though  there  be  some  sort  of  a  fire  department,  %'olunteeis  are 
usually  the  chief  defense.  Fire  wardens  or  the  officers  of  the  fire 
department  may  direct  the  work.  Such  volunteers  are  usually  com- 
pensated according  to  the  number  of  hours  which  they  have  spaX 
in  work. 

Call  Men.  These  are  men  who,  although  they  have  some  other 
regular  business,  are  duly  appointed  members  of  a  fire  compaii}'  and 
are  expected  to  respond  to  alarms  of  fire  within  their  districts.  Such 
men  receive  pay  for  their  services  and  in  many  towns  they  are  fined 
if  they  f^il  to  respond  to  an  alarm  within  a  prescribed  time  limit  and 
have  not  a  valid  or  sufficient  excuse.  Call  men  should  be  chosen 
from  those  whose  businesi;  is  near  the  company  of  which  they  are 
members.  The  service  from  this  class  of  firemen  is  usually  good  and 
many  important  cities  have  districts  protected  by  companies  made 
up  wholly  or  in  part  of  call  men. 

Full  Paid  Men.  This  class  includes  a  wide  range  from  the  one 
full  paid  official,  who  is  found  in  many  country'  towns  and  who  man- 
ages the  apparatus  and  keeps  a  general  lookout  on  the  fire  situation, 
to  the  trained  members  and  skilled  officials  of  our  best  city  fire 
departments. 

Selection  of  Firemen.    In  a  city  small  enough  for  the  chief  of 
the  fire  department  to  know  all  his  men,  he  may  select  his  subordi- 
nates himsi»lf  from  the  applicants,  and  be  held  directly  responsible  for 
their  work.     In  some  places  appointments  are  made  from  among 
those  who  have  served  as  call  men  or  as  substitutes,  and  in  those 
capacities  haw  had  their  al)ility  tried.     \Miere  this  course  is  imprac- 
tical)le  or  for  political  or  other  reasons  inexpedient,  selection  by  civil 
service  tests  has  given  the  best  results.  Tliis  method  has  met  ^nth 
some  opposition  because  the  mental  requirements  often  bar  men  of 
excellent  physique  and  of  seemingly  admirable  equipment  for  fire 
fighting.     At  present  this  can  be  no  serious  objection  as  there  are 
so  many  applicants  for  fire  department  positions  that  there  is  no 
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Fig.  212.     Hale  Tin  Roof  Cutter 
Courtesy  American-La  Prance  Pirt  Engine  Company^  Elmirot  New  York 


Fig.  213.     Pompier  Ladders 
Courteey  American-La  Prance  Fire  Engine  Company^  Elmira^   New  York 
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Fig.  214.     Pompier  Life  Bclta 
CourUay  American  La-France  Fire  Engine  Company,  Elmira^  New  York 
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difficulty  in  finding  men  suitably  equipped  both  mentally  and  phys- 
ically. For  the  very  reason  that  part  of  the  cry  against  this  meth(Kl 
is  probably  inspired  by  politicians  who  are  no  longer  able  to  place 
men  upon  the  force  or  to  remove  them,  the  civil  service  method  will 
probably  bring  about  greater  efficiency  in  the  department. 

Training  the  Men.  In  small  towns  or  cities  where  the  buildings 
are  not  high»  firemen  will  need  only  such  training  as  can  be  obtained 
bam  the  drills  and  under  the  direction  of  the  fire  department  officials, 
and  since  these  men  often  serve  first  as  call  men  or  as  substitutes, 
Ihey  enter  the  department  with  all  the  preliminary  training  that  is 
ntcesaary.  For  work  in  large  cities,  however,  considerable  skill  is 
nqiiired*  To  train  firemen  and  to  make  sure  of  their  ability  before 
Ihey  are  added  to  the  active  force,  cities  provide  various  kinds  of 
ridiools,  ranging  from  the  usual  probationary  school  to  the  firemen's 
eoB^ge,  recently  established  in  Xew  York  City  for  the  preparation 
d  the  firemen  who  enter  that  city\s  service. 

Probation  School  Work.  The  thirty  or  more  days'  training  of 
Ae  usual  probationers'  school  is  exclusively  practical  and  is  carried 
fB  ponder  the  instruction  of  the  officers  of  the  department.  The 
■(Mr  men  are  trained  in  the  use  of  the  apparatus  nocessiiry  for  enter- 
tdf^  any  part  of  a  building,  such  as  crowbars,  battering-rams,  door 
tin  roof  cutters,  Fig.  212,  lock  openers,  etc.;  and  in  the  rais- 

and  noanagement  of  all  kinds  of  ladders,  with  ^special  drills 
ajbtiin  skill  in  using  the  hardwood  hooked-top  scaling  ladders, 

213.  By  hanging  the  hook  of  these  ladders  over  a  window  sill 
top  of  a  cornice  and  making  use  of  life  belts.  Fig.  214,  which 
tbe  free  use  of  both  hands,  the  men  are  able  to  reach  any  floor 
[^Sle  roof  of  a  building  where  it  is  desired  to  carry  up  rope,  hose, 
Wt^iMia  life-  or  property-saving  apparatus,  as  shown  in  Fig.  215. 
fl^y  aie  taught  to  hold,  to  lift,  to  lower,  or  otherwise  to  give  such 
Up  to  their  companions  as  might  be  reciuircd  in  difficult  rescue  work. 
Pig.  216.  They  are  required  to  practice  in  making  the  different 
kinds  of  knots  needed  in  their  >vork,  and  in  using  the  life  roi)e  gun 
by  which  a  line  is  shot  to  the  roof  or  to  a  window  so  that  a  life  rope 
niay  be  drawn  up  and  secured,  Fig.  217.  They  are  drilled  both  in 
holding  and  in  jumping  into  the  life  net,  Fig.  2 IS,  for  it  may  happen 
that  all  ways  of  escape  may  be  cut  off  for  a  fireman  left  on  a  roof  or  in 
a  window,  and  his  only  chance  may  be  a  leap  into  the  fire  net.     They 
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practiw  in  mftkiiift  connections  between  hydrant  and  engine,  attach- 
ing faose  either  to  hydrant  or  to  enpuPS.  making  sanmcse  and  other 
cutinwtions  »urh  as  to  standpipes,  automatiL'  sprinkler  systMns,  and 
in  handling  inside  hose  streiiiit^.     lipyomi  this  thiry  are  instrodwi 


how  to  send  alarms,  poliee  and  nmbulHinx-  tiillut,  an<l  iu  some  ]>la( 
they  are  even  given  a  sHglit  but  praetieal  course  in  first  aid  to  t 
injured.  If  the  city  has  a  high  pressun-  system,  the  use  of  the  li 
pressure  handling  devices  is  included  in  the  course. 
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tJeiP  York  College.  The  New  York  College,  which  will  probably 
ft  t  model  for  similar  schools  in  other  cities,  besiiies  amplifying  this 
general  course,  inclutles  departments  for  the  special  training  of  nffi- 
*Trs.  enginifrs.  and  cliuiiffeurs.  This  school  is  opened  to  the  firemen 
ujMin  apprijved  iipplicntinn,  and  henceforth  only  graduates  of  it  will 


F>(.  217.     abwung  Lilfl  Une  (iun  m  Rbhus  Work 

be  sdecttd  t«  fill  the  pOHitions  for  which  the  special  training  is  given. 
The  engineers  and  chauffeurs  are  trained  in  the  machine  shops 
and  repair  nIio|w  of  the  department  and  become  thoroughly  familiar 
with  the  part*  and  the  operations  of  both  steam  and  gasoline  engines 
and  motor  apparatus. 
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In  the  officers'  schools,  the  instruction  is  pven  by  those  offinn 
of  the  <lepartment  who  have  had  the  widest  and  most  \*alusble  expe- 
rience uikI  have  developed  practical  methods. 

Ill  the  company  schools,  whole  companies  are  sent  to  receive 
\'arious  kinds  of  instruction,  such  as  in  the  use  of  special  apparatus) 


Li-HP  into  the  life  NX 


<ir  ijf  tin-  \ufi\\  prc-siirc  .system.     In  case  of  conflagrations,  any  cit;^^ 
nimpaiiy  nuiy  In-  cHlIcil  tn  aid  in  tlic  thrcateni'd  district. 

Trivliiinil  "f  Diiiigrriiii."  Flrr.t.  .\s  some  fires  more  than  other^=^ 
present  difficult ics  and  dmifrcrs  to  tlie  firemiin  which  he  should  under"— 
stand  iH't'un'  Ih-iiir  assi^mi]  xu  active  service,  so  most  o>urses  include 
lessons  nn  tlicst-  jMiiiits.  Tlic  fireman  must  know  primarily  that  a-<^ 
all  times  and  without  licsitation  he  must  obey  tlie  officers  in  charge^. 
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who  from  the  best  point  of  vantage  obtainable  can  see  dangers  and 
o)nditions  indiscernible  to  the  workers  at  close  range;  that  he  must 
work  coolly  and  sensibly  with  his  mates  and  not  wander  off  working  at 
his  own  discretion.    He  should  know  that  water  should  not  be  used  on 
fires  when  grease,  oil,  tar,  paint,  and  such  materials  are  likely  to  cause 
the  fire  to  spread  by  being  floated  about;  he  should  know  where  such 
inflammables  are  likely  to  be  encountered,  as  in  automobile  garages, 
paint  stores,  drug  stores,  cleaning  houses,  etc. ;  that  water  should  not 
be  used  on  electric  fires,  as  the  stream  from  the  hose  may  become 
charged  and  do  serious  injury  to  those  operating  it ;  that  water  siiould 
not  be  used  on  burning  nitro-glycerine,  guncotton,  forcite,  dynamite, 
or  sudi  explosive  compounds,  since  it  will  invariably  cause  an  explo- 
sion.   He  must  remember  that  calcium  carbide  when  wet  produces 
an  explosive  gas  and  that  no  exposed  flame  should  be  brought  near 
it;  that  ammonia  used  in  ice  manufacture  and  in  refrigerating,  though 
it  will  not  bum,  will  explode  when  heated  in  tanks;  and  that  the 
fumes  of  ammonia,  acids,  sulphur,  and  of  many  otlier  chemicals 
being  injurious  to  the  lungs,  any  building  where  sucli  fumes  are  likely 
to  be  present,  either  should  be  thon)ughly  ventilated,  before  entereil, 
or  the  fumes  be  scattered  by  introducing  a  spray  of  water.    In  ship 
fires,  drug  store  fires,  and  warehouse  fires,  many  dangerous  and 
explo^ve  gases  are  likely  to  be  present.    Where  lime  is  stored  it  is 
best  not  to  use  water  as  this  causes  the  lime  to  heat,  slack,  burst  the 
barrels,  and  thus  add  to  the  fire.    Wherever  the  use  of  water  is  dan- 
icerous,  wet  sand,  ashes  or  dirt,  wet  cloths,  chemical  powder  or  pyrenc 
should  be  substituted. 

Company  Organization.    The  kind  of  fire  department  found  in 

a  town  or  city  depends  to  a  very  large  extent  upon  the  financial  su|> 

P^rt  of  the  conununity.    The  fire  service  in  small  villagers  is  usually 

^^*^  slight  to  demand  the  maintenance  of  «any  form  of  fire  department. 

As  the  village  grows,  the  first  steps  will  probabl\'  be  to  buy  fire-fight- 

^8  ^uipment  and  to  organize  a  volunteer  company.    \Mien  the  public 

^fety  demands  or  the  finances  pennit,  the  xoluntecr  serxicr  is  often 

'^placed  by  a  force  partly  composed  of  paid  call  men  and  i)artly  of  vol- 

^^t.fH»rs.     WTiere  such  a  (combination  has  been  preceded  by  an  entirely 

^'^luntcer  service,  trouble  often  ensues  from  the  volunteers  leaving 

^^  the  work  to  the  paid  men.    Occasionally  towns  of  this  siz(*  hav<» 

^  »ull  paid  chief  of  some  training  or  experience  who  devotes  his  entin» 
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time  t<i  fin?  prolvctioii  work,  while  the  rest  of  the  force  is  entirely  vol- 
iinti-er.  The  next  stej)  is  usually  tu  eliminate  all  volunteer  woHm 
and  to  Imve  in  their  stead  part  paid  call  men  or  a  small  force  of  ful 
paid  men  supplemented  by  call  men.  This  last  arrangement  isuinl 
in  manj-  places,  the  (latest  variance  being  in  the  way  the  fuD  pud 
men  are  di\i<le(l.  i.r.,  whether  they  are  scattered  and  constitute  thf 
offiwrs  of  se^"e^ttl  eompanies  t)f  call  men,  or  whether  they  are  ttHD- 
bincd  into  one  or  more  complete  companies.  The  size  of  the  city 
and  other  local  <-onilitions  must  tletermiiie  the  best  method  of  distnlv 
utin^  thex-  full  paid  men.  In  densely  populated  or  valuable  di^ 
tricts  i)f  our  citii's.  full  paid  furws  exclusively  should  be  found. 

Siv  iif  CimijHUiii-x.  For  all  cities  large  enough  to  support  a  fully 
paid  fire  department,  the  National  Board  of  Fire  Underwriters  has 
made  11  stiiniliird  recommendation  that  at  least  seven  men  shouM  ai 
all  times  lie  present  in  each  engine  or  ladder  company  situated  near 
the  nien-antile  nr  manufacturing  districts.  In  other  engine  or  laii* 
der  I'uniiwnies.  ncit  fewer  than  five  men  should  be  constantly  on  duty. 

.\  (Tinipnn\  of  seven  men  allows  for  one  officer;  two  drivers, one 
fur  the  engine  and  one  for  the  iiosc  wagon;  engineer  with  an  assistant; 
and  two  men  to  handle  the  hose.  In  a  five-man  eomi>any,  thedrivers 
nni>t  help  with  the  hose.  For  large  fires,  tor  work  in  high  building*. 
and  for  han<lliiig  high  ))ressure  streams,  more  than  two  or  three  men 
are  n^inin-d  tu  hanillo  the  hose,  and  thus  help  from  other  companies 
or  from  vuhiriteers  must  Ix-  called. 

Ill  onler  to  keep  at  all  times  from  five  to  seven  men  on  duty  in 
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UfMa  Compuies  Requind  id  Cities  of  Given  PopulXioD 

an  engine  houiie,  it  is  necessary'  for  the  companies  to  have  a  member- 
diip  of  from  ten  to  fourteen  men.  The  firemen  in  most  cities  are 
usually  allowed  three  hours  daily  for  meab;  from  three  to  six  dajs' 
leave  each  month;  and  from  two  weeks'  to  a  month's  vacation.  This 
means  approximately  that  at  all  times  half  the  force  would  be  away- 
some  to  meals,  some  on  leave,  and  some  on  vacation. 

Fire  Department  Dimiomi.  The  companj'  offic-ers  are  generally 
a  captain  and  a  lieutenant.  The  companies  are  arranged  by  dis- 
tricts into  groups  called  "battalions"  which  are  under  the  supenision 
of  battalion  chiefs,  and  which  in  best  practice  are  made  up  from  five 
to  eight  companies.  These  battalions  are  further  arranged  in  groups 
and  each  group  put  under  the  management  of  a  deputy  chief 
who  in  turn  reports  to  the  chief  of  the  fire  department.  This  chief 
in  some  cities  reports  directly  to  the  mayor,  aldermen,  or  city  council, 
and  since  he  often  receives  his  appointment  from  one  of  these  parties, 
he  is  not  put  in  for  a  definite  term,  but  is  <lependent  upon  these  men 
for  the  tenure  of  his  position.  Such  an  order  of  things  too  frequently 
tends  to  modify  both  w<irk  and  reports  and  is  n<)t  likely  to  bring  about 
the  best  department  management;  yet  tlu-  fa<'t  that  this  s\stcm  has 
been  successful  in  several  cases,  shows  that  tlie  ability  and  integrity 
of  the  chief  determines  the  case  and  not  the  arrangement  of  the  s\s- 
tem.  Itetween  the  ni«\or  and  the  fire  chief  tlierc  are  most  fretiuently 
other  officials — such  as  a  fire  (commissioner,  or  a  hiKly  of  three  or  more 
fire  commissioners. 

There  is  no  uniformity  in  the  grouping  of  the  ditt'ercnt  divisions 
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Re.  230.    Cnma  Hhoiniia  Number  ol  Uiim 

of  R  city  fire  department,  nor  in  the  way  in  which  it  is  governed.  One 
city  maj-  ha^■e  a  great  many  districts  with  but  five  battalions  io  etdi, 
while  another  may  divide  a  large  number  of  battalions  into  afewdis- 
tricts.  A  method  successful  in  one  place  may  for  political  reuooBoi 
because  of  the  {>ersonaIity  of  those  in  power  be  a  failure  in  anodier. 

The  National  Board  of  Fire  I'nderwriters  is  now  doing  the  woA 
originally  assigned  to  a  "Committee  of  Twenty."  Its  duty  is  to 
investigate  and  report  upon  the  conditions  found  in  the  fire  deput- 
meiits  of  the  cities  In  the  I'nited  States,  and  to  make  recommeodar 
tiiins  (tmccrning  any  changes  of  which  it  may  find  need.  From  its 
study  of  methods,  cimditions,  and  results  in  so  many  places,  this 
department  has  )h>i.'ii  exceptionally  well  fitted  to  treat  separate  cases 
u  Ith  an  Linilerstanding  and  equipment  which  has  )iot  before  been 
ii]>plied  t(}  this  work  and  it  has  therefore  been  able  to  effect  many 
\alual)lc  impro\emeiits.  Its  recommendations  cover  all  the  ground 
rif  interest  to  fire  departments,  from  their  management  to  the  details  - 
of  their  equipment.  The  curves  shown  in  Figs.  219  and  220  are  s 
deri\-c(I  from  data  the\-  ha\-e  collected. 

Firt-  DriMirfmrnt  (funrterx.  The  first  apparatus  a  town  buj's^ 
is  usually  store<l  in  some  centrall\'  located  barn,  or  a  room  provided  .t 
for  the  purpo.sc  in  one  uf  the  public  buildings.  ^\'hen  the  question-^r^ 
iif  obtaitiiiig  new  and  separate  headquarters  for  the  department:^" 
arises,  there  are  certain  important  considerations  which  should  not*" 
in-  neclecte<l.  The  lot  ilevotc<l  to  it  should  be  within  or  near  the  .a 
district  where  the  greatest  values  and  the  most  use  for  the  service  arccs 


likely  to  be  found ;  it  should  be  sufficiently  large  to  permit  of  ulti- 
mately enlarging  the  fire  department  building  to  accommodate  the 
which  will  probably  Ix-  neclcd  many  years  hence. 
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wty  firv  fiiKiiK'  hoiist-  slinuld  pntvido  on  tin-  first  fluor  tlio 
in>-  ofRcffl  and  roomn  for  the  engine  anil  hose  wagon,  or  for 
le  Udder  truck;  atid  in  rooms  iidjawnt,  quarters  for  the  horses  (See 
igs.  221  and  222).  Besidea  the  ordinary  heating  apparatus,  etc., 
ic  basiiUcDt  should  contain  a  boiler  heater  to  be  attached  in  order 
■at  it  may  keep  up  steam  in  the  engine  boiler  while  it  is  idle.  Above 
le  first  floor  the  resliould  be  quarters  for  the  men,  willi  brass  or  other 
iiooth  poles  installed  down  which  the  firemen  may  slide,  and  thus 
ivc  time  in  answering  alarms.  Figs.  22.'J  anti  224.  Tliese  firemen's 
Darters  may  be  as  sumptuous  as  the  city  or  the  men  themselves  see 


Tit.  234.     Mikme  a 


ike  them.  In  some  few  cases  tlie  city  has  provided  apart- 
icnla  on  the  upper  floors  of  the  engine  house  for  the  accomnioda- 
on  of  the  families  of  the  fire  department  members.  The  companies 
suaQy  irquire  their  men  to  answer  to  alarms  of  fire  which  may  occur 
hile  they  are  ut  meals.  Some  cities  without  such  conveniently 
Mated  homes  for  their  men;  require  that  they  board  near  enough  to 
l.jtfomptly  during  meal  hours. 


3.12  KIRE   IXcSL'RANCb"  INSPECTION 

EQUIPMENT 

Tlir  firt-  Rghtiii}:  apparatus  in  common  use  today  includes  the 
folUiwiiif;  varifty  of  fire  engines:  the  horse-<ira«Ti  and  the  self- 
proiH-lltil  slenm  engine;  the  horse-drawn  gasoline  engine;  the  motors 
proiK-llfd  gasoline  engine;  and  the  cheniieul  engine.  Besides  thesf, 
foil  If  ]iiipnieiits  liave  fin>  hoats,  liigh  pressure  systems,  hose  vagom. 
ladder  and  water  tower  trucks,  fuel  and  wrecking  wagons  besiHrs 
the  appliantrs  wliieh  ure  earned  with  these  combinations,  such  as 
the  re()uisites  for  cliniliing  un<l  entering  a  building,  for  haodliii); 
jxiwerftiLliosr  streams,  vn-. 


Sclcttion  of  Apparatus.  The  etiuipment,  which  for  the  lea.s 
expiiiM'  wonid  nndiT  the  best  stTvlce  in  a  suudi  town,  depea*^ 
entirely  njMin  l<njil  ciindilinns.  If  there  is  no  water  distributiti 
>\  stem,  thin  a  clieinicjil  engine  with  hose  would  he  In'st.  If  there? 
!i  water  l^i^trilllltiIlg  system  with  stifTieient  pressure  to  throw  hos 
slrcanis  lii;;li  fiiungh  iii  protect  the  majority  of  the  buildings,  the* 
ii  ho>c  iiiic]  hiddcr  equipment  is  nut  nrally  the  first  thing  to  be  obtain eci 
Wlicn  a  tiiWH  Iia-s  ii  water  supply  system  but  not  under  suffiticni 
pn-sMin-.  then  an  cMpTii'  with  ln»c  should  Ik'  the  first  jmrehase. 

'J'hc  >i/c  of  any  piece  nl'  apparatus  si-lected  must  be  governeti 
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by  the  chanictcr  of  the  work  rt»(iiiired  of  it,  the  means  by  which  it  is 
to  Ih»  (irawn,  the  eoiiditioii  of  the  roads,  etc. 

If  it  is  to  Ik'  manually  drawn,  heavy  pieces  are  out  of  the  ques- 
tion for  a  hilly  or  sandy  c*ountr\';  yet  rather  than  get  too  small  and 
inefficient  apparatus,  it  might  be  wiser  to  delay  the  purchase  until 
horsc*s  coidd  be  afforded  or  motor  apparatus  bought.  Some  smaD 
towns  have  horse-<lrawn  apparatus  aqd  pay  a  premium  to  the  first 
man  to  have  his  horse  at  the  fire  house  after  an  alarm  has  rung. 

Sinct*  two  hose  stn»ams  are  required  at  most  fires  before  a  coun- 
try t»quipment  can  arrive,  either  for  extinguishing  the  fire  or  for 
protei'ting  the  surrounding  property,  under  usual  conditions  an 
engine  large  enough  to  furnish  at  least  two  good  hose  streams  should 
be  the  smallest  purchased.  All  engines  should  be  frequently  tested, 
as  shown  in  Fig.  225,  to  see  that  they  are  in  good  condition  and  are 
keeping  up  with  a  reasonable  allowance  for  wear  to  their  rated 
cai)acity. 

Fire  Engines.  A  typical  horse-drawn  steam  fire  engine  is  shown 
in  Fig.  22().  The  boilers  and  pumps  used  in  engines  of  this  tj'peha^'C 
already  In'tMi  describcHl.  Owing  to  a  general  lack  of  skill  in  running 
it,  and  to  the  rough  usage  it  usually  receives  on  the  road,  a  fire  engine 
can  not  Ix*  exj)ecttxl  to  keep  up  to  its  rated  capacity  either  in 
discharge  or  i)ressure.  For  this  reason  a  size  larger  than  that  which 
un(hT  ideal  conditions  would  do  the  work  should  be  chosen. 

For  sonic  time  there  have  bci*n  a  few  self-prof)elled  steam  engin^ 
in  use,  but  the  automobile  engine  is  comparatively  new.  The  fi*^ 
of  the  motor  apparatus  put  upon  the  market  was  small  and  ligt*-"^ 
but  lately  then*  lia\  c  developed  engines  of  sufficient  capacity  to  ^ 
large  city  work,  Fig.  227,  and  at  present  motor  apparatus  seems  to  "^ 
fast  replacing  the  horse-drawn,  although  it  has  the  disadvantage  * 
intHKlucing  the  gasoline  hazard  into  engine  houses.  From  a  sa^ 
tary  and  humanitarian  point  of  view  this  substitution  is  more  det^^ 
able.  The  work  retiuired  of  fire  horses  is  arduous  and  often  dang*^ 
ous,  and  accidents  not  infrequently  happen  to  them,  while  the  ke^J 
ing  of  fire  horses  in  the  limited  accommodations  of  an  engine  hov*- 
has  many  objectionable  features. 

Tlicre  are  numerous  decided  advantages  on  the  part  of  the  aa't^ 
mobile  apparatus.  For  se\eral  reasons  the  cost  of  maintenance  ^ 
less.     It  eliminates  the  expense  of  feetl  and  care  for  the  horses;  '^ 
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requires  fewer  men  to  manage 
a  motor  equipment  for  the 
gasoline  engine,  since  the  hose 
and  the  ladders  may  be  carried 
on  one  truck,  requiring  but  one 
driver  as  against  three  for  the 
equivalent  steam  equipment; 
besides  this  one  driver  may 
work  a3  engineer  or  in  some 
other  capacity  at  the  fire.  An 
automobile  can  travel  much 
more  rapidly  than  can  horses 
and  is  much  more  easily  man- 
aged than  they  are  at  the  rate 
at  which  they  travel  to  a  fire. 
It  is  ready  to  leave  the  engine 
house  without  the  delays  nec- 
essary- to  the  horse-drawn  ap- 
paratus and  when  once  at  a 
fire  the  power  is  instantly 
r«ady,  and  the  pumps  working 
at  their  full  capacity  if  that  is 
desired.  For  liill  climbing,  for 
traveling  on  bad  roads,  or  in 
snow,  the  "Auto  Engine"  has 
already  demonstrated  its  supe- 
riority to  horses.  In  consider- 
ing all  these  advantages  then 
— the  principal  one  being  that 
it  can  reach  a  fire  more  quickly 
than  can  any  other  apparatus 
and  thus  save  time  of  inesti- 
mable value — it  is  probable 
that  it  will  ultimately  replace 
horses,  at  least  for  cit\'  work. 

Flying  Squadron.  AVith 
tlie  intriKluction  of  tin-  auto- 
mobile,   the     flying    s<|uadron 
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tirici noted.  TliH<T)ii>isl>(iraIarKi' company  of  men  (vntrally  locatrtl 
anil  i-<|iii|)iH-<l  u'itli  mi>ti>r  apimmtiis,  pmit-ipully  that  of  mutorelK-m- 
ital  and  liidili-r  trurks,  Tlu-sf  mt-n  aiiswt-r  all  alarms  l)t'fause  of  the 
KIH-cil  at  wliitli  thf\'  i-ari  travrl.  With  such  uii  arrangement  the  scat- 
ten-*!  rnni[>unies  rin-d  fowcr  nu-n  than  (itherwisc.  In  s(>nu>  cities  viib 
l)Hliinfnrafi'wautiinii>hil<'fnjriius.  these  are  st-nt  out  on  first  alanns, 
hnl  after  tlie  repilar  hnise-dmwn  ap[iaratiis  has  arrived  and  b  at 
work,  they  n'liirii  ti>  their  quarters  to  Ih' ready  tu  answer  other  alantu. 


Iw.  i;.Ml.     KLro  Biwl  in  Acliun 

Clicmical  Apparatus.  Tins  hus  already  been  given  a  partL  x 
deMTijiliim.  Clu-iiiii-al  erifriTics  are  very  largely  used  and  befaim.s 
iif  ihiir  ■•]/.<■  iiiiil  ttiifilit  till  y  are  generally  the  first  piece  of  appax-a- 
Ins  to  lii'giii  wiirk  ;it  fires.  They  extinguish  also  a  very  large  per  cent 
of  iliese.  it  Itriiig  e^iiiiuUril  in  siiiiie  cities  as  high  asSO^^.  Another 
great  adv;iril;ti;e  is  thai  thiy  eaii>e  lint  slight  water  damage. 

Originally  most  dieniii-al  engines  were  m-pamte  pieces  of  the 
eipiipnieiii.  Ni>\v,  howeviT.  "elieniiia!  eonihiiiations"  stvm  to  be 
wi(l,-ly  faviir.'.!  -iliai  i,.  a  .■lu-rnieal  tank  of  from  .V>-  to  llXt-galliii 
tapaeily  is  luonnted  <iii  the  liii,-.e  wagon,  Fig.  -'US,  <ir  ladder  trudi, 
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229,  as  said  above.  Since  one  of  the  chief  advantages  of  a  chem- 
en^e  b  that  it  is  light  enough  to  reach  a  fire  quickly,  and  tube 
ed  about  easily  when  at  work,  it  seems  that  by  increasing  its 
ht  or  by  combining  it  with  anything  as  difficult  of  management  as 
der  truck,  it  would  eliminate  some  of  ita  original  excellent  features. 
Fire  Boats.  As  the  principal  service  required  of  fire  boats  is 
le  shallow  water  along  shore,  in  restricted  waterways,  and  in 
among  the  CTOwded  shipping  of  a  city  harbor,  it  is  necessary  that 
be  designed  and  constructed  to  draw  but  little  water  and  to  be 


^^M         ^^Ba  screw  model  has  been  found 

HH'    ^CW^BSfc  best  for  this  purpose.    The 

"^  ^^wJHS«*P  boats  in  service,  an  excellent 

example  of  which  is  shown 
in  Fig.  230,  range  in  size 
from  80  to  130  feet  long 
and  in  capacity  from  3,000 
to  13,000  gallons  per  min- 
ute. Ex-chief  Croker  of  the 
New  York  fire  department 
recommends  a  steel  boat  120 
feet  long  o\'er  all  with  24 
foot  beam,  and  9  foot  draft. 
*ump».  On  most  boats,  steam  driven  reciprocating  pumps  are 
uid  invariably  the  boiler  capacity  of  the  boats  has  hardly  been 
ent  to  supply  the  steam  necessary  to  its  engine  and  at  the  same 
■jO  run  its  pumps  at  their  full  rate  capacity'.  Recently  a  few  fire 
have  been  fitted  with  steam  turbine  driven  centrifugal  pumps; 
have  given  better  satisfaction,  for  with  the  same  amount  of 
greater  pump  power  can  be  obtained. 
ntake  and  Discharge.  The  intake  on  these  boats  should  be 
*d  and  designed  to  be  high  enough  from  the  bottom  to  prevent 
r  mud  in  shallow  water,  and  low  enough  to  avoid  floating  debris. 


RS.  Sll.     Tumt  NoulH  lor  Vm  Ba»ta 
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If  the  lM)at  is  used  in  fresh  water,  the  boiler  feed  water  may  be? 
pumfH'd  up;  in  siilt  water  it  is  necessary'  to  carrA*  this  in  a  compart^ 
ment  of  the  hoat  or  in  a  tank  provided  for  it. 

The  discharge  from  the  pumps  in  some  eases  goes  into  a  water* 
circuit  around  the  boat  and  hose  streams  may  be  taken  from  this. 
On  other  boats  there  are  water  turrets,  Fig.  231,  fitted  with  hose 
outh'ts  and  valves. 

WImrf.  Kai'h  fire  lN»at  near  the  middle  of  its  district  should 
have  a  wharf  t>r  slip  with  sufficient  shore  nx)m  to  provide  quarters 
for  the  men.  The  boat,  when  not  in  use,  should  be  moored  at  this 
slip, bow  out,  and  with  steam  constantly  up  ready  to  respond  instantly' 
to  an  alarm. 

Firr  liixif  Tendrrs.  Fire  boat  tenders  or  hose  wagons  similfir 
to  those  for  inland  ust* — t»xcept  that  they  carrj'  larger  hose-fiLje 
sometimes  provideil  for  shore  use  in  connection  with  fire  bo*t 
scTvice. 

Tr/'//-.  The  ofliciTs  of  these  boats  should  be  both  good  seam.^^ 
and  pMnl  fin'ineii.  The  men  usually  allowed  to  a  fire  boat  area c^T" 
tain,  a  lieutenant,  1  pilots,  4  enpniiTs,  W  stokers,  and  9  firemen. 

Fire  boat  protection  has  provwl  of  such  value,  that  cities  alrea-^y 
possessing  it  have  been  influenced  from  time  to  time  to  increase  t'*^ 
number  of  their  l)oats.  (irowinjL:  attention  is  being  given  to  iM^ 
«l<'p;irtnH'nt  of  fire  protection,  for  it  sivms  a  well  nigh  indispeosafc*^^ 
ilefriise  Tor  1m rp*  cities  bonlerin^  on  the  water. 

Ladder  Trucks.     The  height  of  the  buildings  to  be  protect^ 
niu>t  govern  tlie  ien^'th  of  the  fire  department  ladders.     In  sn*^ 
cities  iind  ill  towns  where  but  few  buildings  are  more  than  thx^ 
stories  lii^^i.  the  plain  hand-managed  ladders  will  usually  bealltbfl^ 
is  ncci^ssary.     Trucl\>  containing;  these  plain  ladders  may  be  haa 
in  many  si/cx,  tVoni  the  small  st*t  suittnl  to  a  village  hand-dravn 
a|)paratii>,  to  the  larp*  trucks  liolding  ladders  up  to  65  and  75  feet 
in  lcii;;th,  tor  <ity  u>c.     Vet  where  such  lengths  as  these  are  neasp 
sar\ ,  nr  whcTcvcr  hnildiiiirs  of  more  than  three  stories  are  the  ruk 
rather  tlian  tlic  c.\cc|)tioii,  so-calleil  aerial  ladders  should  also  be 
iiuludcd  ill  the  cijuipniciit.     The  ladders.when  extended,  Fig.  232, 
nica>unMip  to  7.")  and  N.')  i'cc^t.     They  are  attached  at  their  foot  to  the 
truck,  from  which  they  arc  raised  by  springs,  pneumatic  pressure, 
liydraulic  prcs-iiirc,  screws,  or  chains. 
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n  a  frame  work  tskt'lc- 


jt  Siufncf  or  Poor 


r  trucks  often  carry  as  high  as  : 
ilhcr  iti  n  box-like  receptacle  (box  tnifkj  c 
m  truck). 

Iti  fire  fightin)!;,  las- 
ers arc  used  not  only  to 
•ach  upper  floors,  but  us 
altering  rams,  bridges  from 
lie  liuiUlin);  to  another 
7TOSS  air,  light,  aud  other 
i«fts,  for  either  pii.-ilniig 
vet  or  for  supporting  dan- 
■rous  or  loose  walk,  for 
iilding  hose  in  a  high  poM- 
i>n,  etc. 

Besides  tlic  ladders, 
bi-sf  trucks  oftttii  carry  ii, 
hetnical   tank,   as  alread>- 

hown  in  Fig.  229.  Ijintems,  roiws,  ami  portable  extinguishers 
re  an  important  part  of  tlie'ir  equipment.  Besides  these  they 
luy  carry  any  of  the  following:  nozzles  of  all  kinds,  axes,  plaster 
aok.4,  door  openers,  augers,  rams,  saws,  mauls,  picks,  hammers, 
tisels,  roof  and  wire  cutters,  window  smashers,  acetylene  torches, 
.jckels,  life  nett,  hose  tv- 
iir  kit,  rope  gun,  smoke 
■  ammonia  helmets,  rubber 
OTM.  megaphones,  sur- 
caJ  kit,  etc. 

Hose  Wagons.  Until 
'*nt]y  liose  was  kept  on 
■*»,  but  it  has  been  found 
*t  folding  it  back  and 
*h  in  boxes  is  not  onlj-  a 
'**  compact  wayofftor- 
'    it,  but  that  it  has  tiie     f"  215.     P'^-^r^c*^;  un^' nli^"'''"' "'  °"^ 

1»tr  advantage  of  allow-      Ccun-.,,  iKip^aim  D.pnUwH,  A.,Mialed  Parlora 
^  .UWunf  Com»aHi.i,  Battaa,  Man. 

the  hose   to   lie   more 
''y  pulled  out.     Rx))erience  lias  shown  that  this  way  of  ]mcking 
■"^H^  nut  unrlesirubly  jiffect  the  wear  of  the  hose,  and  the  National 
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Board  of  Fire  Underwriters  has,  therefore,  recommended  the  use  of 
box  hose  wagons  in  place  of  the  reel  type.  Fig.  233  shows  a  combi- 
nation auto  chemical  engine  and  hose  car. 

Hose.  The  importance  of  good  fire  hose  needs  no  argument. 
Nearly  every  one  is  familiar  with  reports  of  fires  where  bursting  hose 
made  the  firemen  nearly  helpless  or  at  least  greatly  increased  the 
difficulties  of  their  work.  Much  of  the  hose  now  on  the  market  con- 
tains inferior  material  or  is  dishonestly  made.  For  example.  Figs. 
234  and  235  show  plaster  casts  of  the  interior  surfaces  of  two  kinds  of 
rubber  lined  hose.  The  loss  of  pressure  due  to  rough  surface  of  the 
first  is  2a.o  pounds  per  100  feet  of  hose,  while  the  loss  with  the  better 
hose  is  only  14.1  pounds  per  100  feet.  Fire  departments  use  rubber 
lined  hose  co\'ered  either  with  a  cotton  jacket  or  by  a  cotton  rubber 
covered  duck.  The  first  kind — that  which  has  the  cotton  on  the  out> 
side  is  more  durable,  more  flexible,  and  therefore  more  easily  managed 


tliaii  the  other  vjiriety.  This  hose,  however,  has  to  be  dried  each  tir^c* 
it  is  used  ti>  prevent  mildew  and  rot,  while  rubber  covered  hose  nc  ^c~ 
not  he.  Wlicrc  it  has  toiisideriible  usage,  the  life  of  the  cotton  cover-^^ 
linse  is  iilmut  seven  years  and  that  of  the  rubber  covered  about  fi^*-''' 
Sizcx.  Fire  dc])artrnciits  use  mostly-  hose  of  21-iuch  interK~»- 
diaineter,  sin<v  this  is  the  size  most  easily  managed;  although  K:^* 
saving  of  friction  liead  with  a  ;i-iuch  hose  is  so  great  that  it  is  be^i-« 
used  by  many  city  couipaiiies  whii  fiiid  it  often  necessary  to  h^^" 
loiij;  lines  of  ho.sc.     This  ^hv  gives  good  outside  ser\-iee  but        » 
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inside  use  the  2^-inch  or  the  standpipe  hose  is  the  more  useful. 
With  the  same  hydrant  pressure,  13-inch  hose  will  deliver  a  stream 
of  water  twice  as  far  as  a  2J-inch  hose,  and  give  the  same  nozzle 
pressure.  The  saving  by  using  two  lines  of  hose  and  connecting 
them  by  a  Siamese  connection  back  of  the  nozzle  has  already  been 
treated.  A  line  of  3J-inch  hose  will  give  approximately  the  same 
results  as  two  parallel  lines  of  2i-inch  hose. 

Standard  Couplings  and   Hose,    The  hose  couplings  used  are 

generally  of  the  screw  type,  Fig.  236,  although  there  are  patented 

snap  couplings  which   have  found   some  favor.     Because  of  the 

variety  of  sizes  and  makes  in  use  the  apparatus  of  one  city  can 

seldom  connect  with  the  hydrants  in  another.     For  this  reason, 

outside  apparatus  called  to  aid  in  a  conflagration  or  a  large  fire  is 

often  found  useless.     Efforts  are  being  made  to  establish  uniformity 

in  couplings  by  urging  all  cities  and  towns  to  adopt  the  couplings 

selected  as  the  National  Standard.    This  standard  coupling  has 

7|  threads  to  the  inch  and  measures  3  J  inches  in  diameter  outside 

the  male  thread. 

TTie  National  Board  issues  specifications  for  standard  2^-,  3-, 
and  3f-inch  hose  for  fire  department  use.    Several  makes  of  such 
hose  have  passed  satisfactorily  the  tests  at  the  Unden\'riters'  Labora- 
tories and  bear  their  labels.     During  the  manufacture  of  approved 
hose,  inspectors  from  the  Unden\Titers'  Laboratories  maynsit  the 
factories  at  any  time  to  inspect  the  materials  and  processes  used, 
and  they  may  take  samples  to  the  laboratory  for  further  tests.    In 
spite  of  all  precautions,  however,  the  findings  of  a  committee  on  fire 
department  hose  in  1911 — after  testing  and  examining  28  different 
brands,  including  33  different  samples  collected  from  fire  depart- 
ments all  over  the  countr\ — were  most  unsatisfactory  and  seemtnl 
to  show  that  even  more  rigid  requirements,  especiallx'  for  the  materials 
used,  are  needed. 

NATIONAL    BOARD    REQUIREMENTS    FOR    FIRE    DEPARTMENT 

HOSE 

The  National  Board  of  Fire  Underwriters  requires  that  the  rubber  com- 
poBitlon  used  for  the  inner  tubes  contain  at  least  40  i)er  cent  of  pure  new  rub- 
ber, and  that  it  contain  no  injurious  ingredients.     The  breaking  strength  of 
this  lining  must  not  be  less  than  800  pounds  to  the  square  inch,  and  the  length 
at  the  breaking  point  ought  not  to  be  less  than  four  and  one-half  times   the 
initial  length.     If  a  2-inch  section  is  taken  and  stretched  to  9  inches,  and  held 
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H<>  KtrctrhcMl  for  ten  minuter,  an<l  thon  released,  it  should  contract  within  the 
next  ten  minutes  to  at  least  2}  inchest. 

The  eotton  umhI  in  the  eoverin^;  Hhould  be  of  long  staple  (at  least  one 
inch  iM  HUKgcMted;  and  the  woven  fabric  should  show  no  injurious  or  unsightly 
imperfect  iom*. 

The  cement  between  the  inner  tube  and  outside  fabric  should  be  of  such 
good  quality  us  to  assure* secure  adhesion  and  durability. 

Kver>'  fifty  feet  of  hose  should  bear  twice  the  name  of  the  manufacturer, 
and  the  year  and  month  in  which  it  was  niade,  stenciled  in  black  letters  one 
inch  high. 

The  manufacturer  must  test  every  length  of  hose  after  coupling,  but 
before  delivery,  to  see  that  the  couplings  are  properly  attached  and  that  the 
hose  has  no  im|>erfections. 

(a)  This  hose  test  should  be  under  the  following  pressures  for  cotton 
covercMi  hose: 

Single  jacket 200  pounds 

Two  jackets  or  i)lies,  separate  or  interwoven 300  pounds 

Thrw  jackets  or  plies,  separate  or  interwoven 300  pounds 

Hose  should  be  carefully  dried  before  shipment. 

(h)  One  length  of  hose  in  ever>'  twenty  (20)  or  fraction  of  this  number, 
shall  be  subject  to  the  following  pressure  tests: 

Single  jacket 350  pounds 

Two  ja(!kets  or  plies,  separate  or  interwoven 450  pounds 

Three  jackets  or  plies,  separate  or  interwoven 450  pounds 

For  duck-covered  hose  the  test  pressure  should  be  300  pounds,  and  one 
length  out  of  every  twenty  should  be  tested  to  400  pounds. 

Tnder  these  tests  there  should  be  no  excessive  tendency  to  twist  or  writhe, 
nor  any  (»x('(»ssivc  elongation  or  increase  in  diameter. 

Care  of  llosr.     The  National  Board  gives  the  following  cautions 

to  all  oflicials  and  to  those  responsible  for  the  care  of  hose: 

( 1 )  To  run  water  through  all  hose  at  least  four  times  a  year,  but  to  drain 
the  hose  carefully  before  stowing  away  again.  With  cotton  jacketed  hose,  to 
jillow  fabric  to  dry  thoroughly. 

Notk:  This  applii--*  p.irliciilarly  to  small  dcpartmentfl  whore  hose  receives  infrequenti 

(2)  To  avoid  keeping  liose  in  warm  rooms. 
{'^)  To  kee|)  span    liose  either  stretched  out  or  rolled  up,    avoiding 

far  as  possible  kinking  or  bending  it.     Slanting  ventilated  racks  are  advis^*^* 
(t)  To  t(\st   it  once  a  year  to  a  pressure  of  200  pounds,  where  s^\^^ 
to  considerable  service,  and  in  all  castas  not  less  than  150  pounds. 

Fuel  Wagons.  In  the  case  of  serious  fires  or  those  of  lo^^^ 
duration,  it  is  essential  that  there  be  a  definite  and  thoroughly  und^^ 
stood  manner  of  replenishing  the  fuel  supply  for  the  engine.  Usu*'*-* 
the  engine,  the  hose  wagon,  or  the  truck  driver  returns  with  ■*-'■' 
horses  to  the  fuel  station  and  brings  back  the  fuel  wagon  load' 
with  cans  or  siicks  of  the  coal. 
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Portable  ciigiiics  an-  siKiictimvs  used  for  gftii-rating  the  power 
to  siiitply  an  attaclKtl  dcctrif  utv  seart-ii  light  used  to  penetrate 
the  smoke  or  darkneHH.  TUis  uppamtus  is  (niin)M>rsnmc  and  in  the 
majority  of  rases  thw  hand  acvtylene  toit-h  or  searcli  light  is  used  by 
the  tin-men  in  sean-liing  for  companions  or  fire  vic-tims;  in  avoiding 


siicli  danircrmis  ptiu-<'>  as  liftlit.  elevator,  suid  other  simihir  shafts;  and 
ill  liEidiiimiieir  way  about  jremTiilly  tliniiifrh  tlie  diirkness  and  smoke, 
'riie  fin-  di'iKirtmeiits  of  tlie  many  larp-  eitics  often  have  some 
pieii-  of  ujipanitiis  nut  in  j,'en(-ral  use,  sueh  as  wn-ekinn  enpiiies, 
<-t]uipped  witli  wnekirijr  applJantTs.  tools,  i-te,,  whieh  may  he  ntt-dcd 
iit  farjp-  fin-s,  enllVe  wiigons  for  n-l'n'shiuft  the  fin>mi'ii  while  on 
dutv,   l-t.'. 


If.  242.     Plutcr  Hook* 


>.  Aahirorth  Shnt^ff  Noiile* 


IT  Amrriran-la  Franct  Firr  Engir 
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so  that  when  turii(><)  to  any  [>ositiuii  they  will  rrmaiti  th< 
voluntarily  directed  elsewhere. 

Time  Savers.  Besides  providing  the  equipment  as  enui 
cities  spend  thuu-sands  of  dollars  to  install  and  maintain  dc 
saving  time  such  as  the  electric  Are  alarm  system;  the  i 
harness,  Fig.  251,  which  drops  into  position  on  the  horses 
patented  collar  snaps  and  strap  locks,  Fig.  252,  for  quick  ad 
the  automatic  release,  Fig.  25.'};  the  sliding  poles.  Fig.  25 


niJitic  cnpiic  lionsc  nnd  stable  duor  openers,  Fig.  25.1,  etc., 
last  ihmigh  grciitcst  time  .siivcr.  the  automobile  apparatus. 

Fire  Alarm  Systems.  Iliiton/.  Mention  has  alreat: 
niJidc  of  tlic  watcli  ti>wer  system  iif  fire  alarms  which,  uin 
was  the  best  alarm  systnu  in  use.  This  meth<Hl  obtained  its 
develiipmi-iit  iti  New  ^'ork  Cily  which  as  early  as  1S45  was 
into  districts  with  a  wati-li  ti>w(T  In  each.  AVatchmen  were 
at  all  hours.  Wbt-o  any  one  of  them  disa^'erwl  a  fire  or  '. 
reported  to  him  lie  struck  upon  the  (owcr  bell  the  nurabe 
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district.  Thb  was  heard  and  repeated  by  the  watchmen  in  other 
towers,  30  from  counting  the  alarm  any  one  could  know  in  what 
district  the  fire  was. 

As  early  as  1845  a  Dr.  Channing  of  Boston  published  an  article 
on  the  transmission  of  fire  alarms  by  the  then  new  telegraph,  and 
by  1852  Boston  had  installed  the  first  fire  alann  telegraph  system 


,  1 

1 

i 

"*  surprising  that  this  methotl  of  st-iidiiig  fire  alarms  was  not 
I""^  rapidly  adopted,  since  in  the  first  twenty  years  following  its 
Wvention  onlj-  about  twenty  cities  had  adopted  it.  At  the  present 
"'^.  however,  nearly  every  large  fxty  and  town  of  importance  has 
**>e  form  of  telegraphic  fire  alarms. 
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Street  Boxes.  In  all  sudi  s>'steins  the  operatioo  of  the  street  boi 
is  generally  the  same — that  is,  the  pulling  down  of  s  hook  w  Intr. 
In  some  cases  in  onler  to  reach  the  hook,  the  outside  dow  of  the 
alarm  box  must  be  unlocked.  Fig.  256,  by  a  key  kept  by  the  police 
and  by  some  reliable  resident  or  stne- 
keeper  nearby.  'Die  delay  caused  bj- 
hunting  for  the  key,  howe\-er,  is  sudi 
an  objection  that  in  some  t)'pes,  Fig. 

257,  the  kej-  is  kept  in  the  lock,  covered 
over  by  a  box  having  a  ^ass  door,  Fig. 

258,  and  is  thus  accessible  by  breakiiig 
the  glass.  Sudi  precautions  are  usu- 
ally' unnecessary,  and  in  most  large 
places  the  keyless  or  unlodced  boies, 
Fig.  259,  are  used.  In  okler  fonnsol 
this  t>-pe  there  was  an  arraDgement 
b.^'  which  a  gong  or  bell  inside  the 
door  rang  when  the  box  was  opened, 
thus  attracting  the  attention  of  the 
police  and  of  passers-by  to  the  person 
doing  it.  This  method  pro\'ed  objec- 
tionable in  that,  with  the  ringing  i^ 
the  gong,  people  often  thought  tbt 
the  alarm  had  been  turned  in  and 
went  away  without  pulling  the  real 

I  central  station  alarm.  In  the  form 
shonii  in  Fig.  259,  the  opening  of  the 
door  not  only  rings  a  gong  to  attract 
attention,  but  actually  does  operate 
the  central  station  alarm  de\ices. 
CtuHriv  Amrrirn^  F^Zlr  Fitr  En-  "^^  mechanism  of  the  lx)x  con- 

gini  c«n,p«ui,.  Eimir^.  .v.ic  lor*       ^.j^^^^  ^^f  ^^  irregularly  toothed  wheel 

which  in  wvohiiig  hrcaks  and  closes  an  electric  circuit.  The 
irn'gulimtics  in  the  closing  and  the  breaking  of  the  circuit  designate 
«t  the  wiitni!  (iffifv  tlu'  nuinlMT  of  the  box  pnllnl. 

By  a  coiiiplfs  ammgi'mcnt  this  iinlicating  wheel  when  once 
started  to  n'\()Ivf  can  not  be  stopped,  or  interfered  with  by 
reiJi-iitcd  pulls  (in  the  hook  or  in  any  other  way,  until  it  has 
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completely  Eiushed  the  revolutions  necesaaiy  to  trans- 
mit the  alarm. 

This  box  mechanism  has  to  be  kept  within 
dustproof  and  weatherproof  boxes,  6tted  with  light- 
ning arresters  and  protected  against  electric  cuirents 
of  high  potential  sudiasare 
used  for  li^t  and  power. 
Besides  the  alarm  devices, 
each  box  contains  a  tele* 
graphic  key  and  call  bells  lor 
engineers  or  police  agnals. 

Cmiral  Qffiee.  The 
alarm  from  the  street  box 
is  conveyed  through  wires 
or  underground  cable  to  the 
f  central  office,  Fig.  260, 
where  it  causes  the  box 
number  to  be  tapped  on  a 
gong  and  at  the  same  time 
to  be  automatically  regis- 
tered by  a  triangular  punch 
in  a  strip  of  paper,  Fig.  261, 
the  point  of  the  perforation 
alwnys  indicating  the  direc- 
tion ill  which  the  signal  had 
Ixf  n  received. 

The  «f  ntral  station  oper- 
ator, by  turning  a  lever, 
Jig  JM  jiiiding  Pole*  then  connects  the  box  cir- 
cuits shinvii  on  the  rcjiistcr  to  the  alarm  circuits  and 
iiistiiiitly  till'  niiinlHT  of  the  box  from  which  the 
aliinn  came  is  rfKistcrcii  tin  tape  and  tapped  out  on  a 
piTig  at  all  the  ciifrini'  houses  on  that  circuit.  By  the 
scttiiit;  iii»l  the  o]HTJifiiin  of  another  device,  the  number 
of  the  iilann  liox  is  shown  visibly  (i[i  nn  indicator  and 
at  the  same  time  tapiitil  out  on  a  large  gong  at  the 
engine  liiiusf.  Fig.  '2ii2.    in  this  niiuiiuTall  the  alarms 


engine  houses  are  sent  over  two  different  circiiita,  and 
Bfe  repstered  and  rung  on  two  sets  of  instruments,  thus  eliminating 
ail  probability  of  nustake. 


idard  Fin  Alum  Box.  Open* 


Lfter  sendiniT  the  alarms,  the  operator  punches  numbered  keys 
^'^show  whieh  engine  cumpanies  will  resiMud  tti  tliis  first,  second,  or 


f^^^ter  ularni  of  fire.     The  central  ofiiee  is  notified  when  any  com- 
r  returns  to  tlieir  quarters.     By  this  means  the  central  office 
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lla^  ill  iili  tiiiii-->  :i  r('<-iiril  iMith  of  tW  tiiiii[Kiiiit^  tliat  are  in  and  those 
that  an-  mit, 

l)v>iilr»  tlicsc  ili-viit's  witicli  liavf  Ikimi  roughly  described,  k 
(iiinplftt'  firi'  iilariii  ^vMnn  iiiclwlfs  many  others,  audi  as  "line 
ti-sti'n<"  wliit-h  kct-]!  (hci-k  <in  the  Linulitiim  of  all  circuits,  and  devka 
for  kt<i-]>iiit:  line  alanu  from  intcrfmii];  with  another  coming  in  on 
the  Miinr  I'in-iiit  i->iM-i-ially  when  ^.-voral  alarms  are  sent  for  the 
sanii-  fin-. 

Siiiiill  I'ihj  iitiil  Tiiint  Aliinii:*.  In  :iinall  dtiea  an  nutoiutie 
n'|H-:ttiT,  Fi;;.  '2ii-i,  iiisti-ail  of  an  operator  may  be  employed  lor 
sentliiig  <Mii  tilt'  alurnis  which  are  reirived  at  the  ofBce.  By  tlui 
<)i'viw  wlicnever  an  alarm  b  Rodved, 
it  is  uutoniatically  sent  out  to  eveiy  en- 
);iiu'  house.  In  large  rities  the  repeating 
vvvTv  ulamt  to  e%'er}'  en^ne  house 
woiilil  Ih'  ii^'less  and  confusing;  so  the 
i>|NTator  is  employed  to  see  that  damn 
arc  sent  only  to  the  engine  houses  near 
tlic  Krc. 

l''i>r  towns,  there  is  an  automatic  sj* 
tcni  that  Kivfs  a  |p>neral  alarm  by  auto- 
matically striking  on  a  ^mg  or  on  the 
chimh  (ir  scIkmiI  Ih-11.   Fig.  2fr4,  or  by 
■"'"    '^'>';-;,'»'''' '■  ^'•""  hl.mii.f;  wliistU-s.  Fip.  2li.j,  to  indicate 
•  ',.("i"l'J,'^l'i.t'"\  '^■'"Ci!''"  '''^"    nii'iiIxT  "f  the  district  from  wludi 

the  alarm  was  sent. 

.\„.rili'ini  .\h,-n>.-<.    TU,-  <lciay>.  often  .H-citsioned  by  the  ncces- 

i>l'  ;;<>iii;r  l'r<>iii  ilic  upper  r-torics  of  high  buildings  to  the  street 

-  ttliiih  may  lie  :i  liliiik  or  uvo  away,  may  be  obviated  by  the 

iiililitig,   of   auxiliary   alarm   boxes.     By 

the  nciiri'st  street  alarm  box  is  set  in 


iiiMallatin,, 
pulliiiL'  lli<- 


iicl  ilic  iihirm  tr;iNsmillc<l. 


Ngl  llii:Mi:NI"S    I'-dR   .\I,ARM  SYSTEMS 

ill,'-  111.'  \;iii,.ii:il  Itoiinl  of  ViTP  t'mliTwrilen 
I  III'  ~ii  |.>i':iii'il  ilial  in  till'  iiiiTratililc  iinil  niuiiii- 
li.'  iii'.i'",irv  <«  ii«  ..v.T  41M)  feet  in  order  to  rva.-li 
I  ri'~i>li'iitial  ili>iri<'I  ii  should  tiot  be  nvccHaary  to 
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go  more  ihftn  800  feet,  and  in  the  outlying  rveidenti&l  districta  not  more  tbu 
1,200  feet  to  a  box. 

In  order  lo  he  conspipuouB,  these  alarm  boxes  should  be  painted  red;  i 
they  are  mounted  on  a  pole,  the  pole  should  be  marked  by  a  red  stripe.  A  re 
light  ahould  denote  their  localion  at  night. 

Central  Offlc*  Building.  The  central  office  building  of  a  fire  alarm  syi 
tcm  should  have  every  possible  protection  against  damage  by  fire.  For  tb 
reason  it  should  be  located  so  as  to  be  unexposed  for  at  least  150  feet  on  a 
HidM.  In  citin>  the  hext  Hite  would  be  in  some  park  or  res^^ation.  The  built 
jng  itself  should  he  of  fireproof  coniilrurtion  and,  according  to  the  Nationi 
Itoiird  rerominendalions.  there  should  be  no  wood  used  in  its  conatructlon- 
not  even  for  "top  flooring,  window  or  door  Irim,  closets,  instrument  cases,  etc. 


TK<' 
m.'ii  kiii.v 

CocLi'iTiuii)!  :itl  juiints  iif  ;i  lire  aliirin  nyHtcni,  it  should  be  eoi 
ri'iiK'iiihiTi'il  iluii  any  ilrfi-i'i.  [ii'kI<'<''.  <'r  civcrKiKht.  may  result  in  a 
i-\]iriisi>  ri>  ihf  I'iiy  rli:iii  umilii  liiiv.'  hii'n  incumil  by  the  installatioi 

HIGH  PRESSLRE  SYSTEMS 

Fire  Fighting  Problem  in  Rig  Cities.    The  term  "High 

Sy^ti'iiis."  )!■-  liiTr  iisril,  rftiT>  In  iill  systems  esiKfially  de 
and  (levi)ti'il  tii  siipiilyiri),'  watt-r  for  iisi.-  at  fires  uiKler  a  f 
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high  pressure  to  furnish  satisfactory'  hose  streams  for  severe  service 
directly  from  the  hydrants,  Fig.  266,  without  the  interposition  of 
fire  engines.  The  principles  governing  pressure  in  water,  the  dis- 
tribution of  water,  etc.,  as  set  forth  in  "Fire  Insurance  Inspection," 
Part  IV,  are  all  applicable  to  these  sj-stems  of  distribution. 

The  use  of  high  pressure  systems 
for  fighting  fires  is  not  new,  although 
only  recently  has  their  installation 
become  common.  In  some  of  our  large 
dties,  such  systems  have  become  well 
nigh  imperative  in  consideration  of  the 
public  safety;  and  their  use  in  small 
cities  is  often  a  matter  of  combined 
convenience  and  economy.  The  limit 
in  weight  and  bulk  of  fire-fighting  appa- 
ratus has  very  nearly  been  reached. 
In  congested  districts,  especially  where 
the  streets  are  narrow,  the  rate  at 
which  the  fire  engine  must  travel  and 
the  accompanying  excitement  make  its 
passing  a  source  of  danger  both  to 
pedestrians  and  traffic.  The  ad\  antage 
of  a  high  pressure  system  in  elimmat 
ing    this    cumbersome    apparatus    ni 

such  dbtricts  is  obvious     A  furthtr 

reason    for    the    speed  iK     mcreasnig 

number  of  these  systems  is  found  in 

tl->«  rapidly  growing   height  of   our 

biaildings  and  the  general  madequa(\ 

of    the  regular  water  suppK   s\stem — 

either   from    too   small   pipe  sizei  or 

'•^xause  of  a   limited  source — to  cope      courui^  oamKriTpilr  ti<iri 

w^th  large  fires.  '""^  comp^n^.  .%>„  i-, 

Fifteen  years  ago  the  World  Building  of  New  York  wa-s  ^ 

*^ne  highest  buildings  in  this  country.  Today  in  that  city  there  are 
s^^'eral  forty-  to  forty-eight-5tor>-  buildings  which  stand  out  no  more 
'***tioeably  from  their  surroundings  than  did  this  once  high  structure. 
In  many  other  cities  the  same  relative  growth  has  been  shown. 


of 


382 


FIRE  IXSl'RANCE  INSPECTION 


III  spite  (tf  the  tremeniloiis  (ie\<'i<»|>meiit  of  fire-re^sting  con- 
stnu'tioii  and  firepriM>f  material,  which  have  made  such  high  build- 
ings possible,  the  fire  ha^anl  has  iiiereased  at  a  much  more  alarming 
rate  than  has  the  height  of  the  buildings. 

It  is  estiniate<l  (hat  (he  dIfficuUy  of  fighting  fire  in  a  building 
iticreaneit  in  proiMirtion  to  (he  utiiiare  of  the  building's  height.  There- 
fure,  t<t  obtain  the  same  degree  of  proteetion  to  the  high  building 
that  was  affordt-d  to  the  smaller,  the  fire-fighting  facilities  should 
Ih'  increased  many  fold.  This,  however,  has  never  been  the  case; 
in  fact,  the  op]X)site  conditions  too  often  exist.  A  city  grows  ter- 
ritorially, the  lmsille^y  districts  become  congested,  and  the  buildings 


■■JltJ,:Mi!ijJ:l:;r;|. 
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(■onsi'(|iiciitly  l«'riiinc  hi^licr  ami  higher.  The  result  of  all  this  is 
that  the  nrigiual  water  supply  system,  whose  capacity  is  often 
niUii-ed  by  curriMlril  pipes,  iK'comes  less  and  less  adequate,  while 
the  iiiiir^iii  fur  firi'  ]>iir]>iisi'S  above  the  domestic  consumption  beiwmes 
pniportii.iially  >malliT  jin.l  smaller. 

In  any  of  these  cases  it  is  most  often  more  economical  and 
satisfaitiiry  to  obtain  the  desired  increase  of  pressure  and  volume 
by  supplementing'  the  ori^jinal  supply  by  a  high  pressure  system 
rather  than  by  eiilarfriiig  the  entire  watenvorks  system. 

Pressure  and  Quantity  of  Water  Required.  .\  pressure  suflflcient 
n  one  city  would  be  (jnite  iiiaile(piate  in  another.     Therefore,  in 
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the  so-called  high  pressure  syHtcms  in  use  now,  we  fiixl  the  maximum 
hydrant  pressures  varying  from  KH)  to  130  [>uunds  in  one  cit^',  and 
to  200  to  235  pounds  in  another. 

^Mierever  these  systems  are  us«i,  they  are  provided  for  and 
looked  upon  as  the  ehief  defense  against  a 
conflagratioD;  thus  besides  furnishing  water 
at  high  pressures,  they  should  be  able  to 


Flc.  a04.    B«n  StiikOT  Mounted  on  Bell* 

furnish  a  vast  quantity  of  water  for  an  extended  leiintli  of  time.  One 
authority  states  that  the  minimum  available  (juantity  from  tbe  outlets 
of  a  high  pressure  system  should  be  enough  to  su|)ply  the  serviee  in  its 
full  efficiency  for  at  least  thirt.\'-six  hours ;  that  under  the  least  exacting 
conditions  it  should  be  able  to  furnish  about  eighteen  1  {-ineh  streams 

'         (rinirtnir  OanwtHtl  Fire  Alarm  Trieeraph  Campaiu.  -V™  I'ort 
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or  seven  2-mch  streams,  or  tlir  cquiviilciit  of  7,r>00  gallons  per  minute; 
that  in  cases  of  more  exacting  locul  fires  it  sliould  be  able  to  supply 


20,000  gallons  per  minute  or  the  equiviilent  of  fifty  li-inch  streams 
or  twenty  2-inch  streams;  and  tliat  it  is  advisable  to  lea\c  a  sufficient 
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n-s«'rv(-  !<■  iinTc;iM-  tlii-s4-  iinaiititic-;  fmiii  firt\   to  >>iic  liumlntl  |xt 
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TABLB  XX 
Required  Hydrant  Pressures  (Pounds)  for  75-Pound  Nozzle  Pressure 


1 

Hose  Diameter 

2i 

in. 

3  in. 

3)  in. 

Hose  Lincfl 

Single 

Siamovd 

1 
S.nKl*'     Siamesod 

1 

Sinfflc 

Siumo^d 

Smooth  Boro  Nozzle 

U  in. 

2  in. 

li  in. 

2  in. 

l\  in. 

2  in. 

Length  of  hose  line 
Length  of  hose  line 
Length  of  hose  line 
Length  of  hose  line 
Length  of  hose  line 
Length  of  hose  line 

100' 
150' 
200' 
250' 
300' 
400' 

121 

139 

158 

176.5 

195 

232 

139 
170 
201 
232 
263 
325 

92 

99.5 
107 
114.5 
122 
137 

101 
113 
125 
137 
149 
173 

84.5 

87.5 
91 

94.5 
98 
105 

88 

fi3.5 

99 

104.5 
1(K) 
121 

Note.  From  data  derived  from  experiments  by  John  R.  Freeman 
(Transactions  American  Society  of  Civil  Engineers,  November,  1899). 

The  loss  of  pressure  in  the  3-inch  and  3i-inch  hose  probably  represents 
unusually  good  conditions,  and  in  practice  may  somewhat  exceed  the  above 
named  figures.  Not  included  in  these  figures  are  losses  not  exceeding  5  pounds 
incurred  in  a  Siamese  connection,  such  as  shown  in  Fig.  271.  which  is  of  the  tyi)e 
used  as  the  base  of  a  standpipe  of  a  high  building. 

The  pressure  that  would  give  the  best  service  in  delivering 
this  water  depends  upon  the  height  of  the  buildings  to  be  protected ; 
upon  the  manner  in  which  the  water  is  to  be  distributed,  that  is 
whether  through  hose  streams,  automatic  sprinklers,  standpipes, 
roof  hydrants,  etc.;  and  upon  the  spacing  of  the  hydrants,  or  in 
other  words  the  length  of  hose  necessary. 

Table  XX  shows  the  hydrant  pressures  necessary  to  maintain  a 
nozzle  pressure  of  75  pounds  through  various  lengths  of  hose  lines. 
Fig.  267  shows  graphically  the  minimum  hydrant  pressure  for  a 
fixed  hose  length  of  300  feet  to  adequately  protect  buildings  of 
various  heights,  and  Figs.  268,  209,  and  270  show  the  possible  heights 
of  streams  for  various  hose  lengths  for  hydrant  pressures  of  (>0, 
80,  and  100  pounds,  respectively. 

TABLE  XXI 

Hydrant  Pressures  Required  for  Good  Service  In  Sprinklers  and  Stand- 
pipes  100  Feet  from  Street  Level 

m 

Inside  hose  streams,  l}-inch  nozzle,  4(X)  feet,  2J-inch 

good  ho&e,  25  pounds  nozzle  pressure 7 '>  pounds 
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Kiin:  ixsri!AN(  i:  inspkctihn 

Iii-iiii'  7t;iii<l]>i)H'  -iriMiix  )'»«  ill  iiM'.  il.r'Miiih   tw.    tiM) 

r.'i'l   Mlllll.'H'.l  til,.'..  :;-Jllrll  )■•»-.    l<lltr.-,-1   <->-i|.,-|,  V.Tli- 
•  lil    |>I|H'.     IIXI    I'.-.-!  -J:.-itl>-ll    l]•l^.^    j;.   |,<.iiil.U   nmt],- 

|in--Mir''  1  l-iiii-Ji  ii-i«[.-  100  pounds 

.\iii..iii!iiii'  -.[.riTikLr  -y.i.iii.  iw..  4IHI  f.Tt  linp-.  :{-inrh 
111...-.  UNI  f.-.!  v.rli.;il  tMlirh  ,.■,»■.  IIH)  f.^t  h.n-iz.mtal 
il-iiiih  [.III.'.  J.-.  |,..un.i>  iii:.iiit:iini-<l  il.minK  I.IMK)  nal- 
|i.n- |"i"  I'liiiii"'  ]60  pound! 

iii>/x1i-.  i»ii  KNtr.-.-!  Miiim-M-<l:(-iiirl)h'M'lin(r< 175  poowb 

1  ;-iTii-li  lU'teU-  7r,  iK.iiii.U  ni.zzlc  pnivuTi'.  -KKI  ftt-t  3-inrh 

li'i"'  . .    140  pounib 

Siiiii<li.i|H'  TitriNLiN.  J-iiii-h  (limiictiT  iinivvivu)  nnidc 
uir:i<-li.-'i  I..  i..|>  ,.i  tV-inrh  !<tiiiiili>i]H>  KKI  ftt-i   nbuvc 

Kr.iiniil.  7-'i  |iii l-iiii.zxlc|>n-!uiiin-iiiamiainnl.  Iivr>40n 

fi'i-i  ~iHiii.'-.il  ;i-itir'h  li.Hi'  liiKw 225  pounda 

■|«..  ..(riiii.^  uriinlH-t  I.I  r.-.f  hy.ln.ut  <m  «i-itiih  verti- 
<-:il  iii|ir  KMI  Fc'l  :ilii.v<-  Kn.unil,  I ; -inch  nnzilo,  2!- 
iiK-li  Ik.-.'.  '':i.'li  liiK-  liKKii't.  T.'i  iHiiinci:'  iti^Linl :iino<l  nt 
iiiazW,  lli.>  sl;i.i,][>i|«'  f.-.!  ihnmnh  two  400  frot  siam- 
is.nI  ;j.iiii!i  iiiiw  liin  - 225  pound* 


li^    --I       > <-.M.. "■'<•  i..s,,„,.l,iip..  ,.(a  Hip),  BuildiBE 

I'lT  tir.'  -iirraiiL-i  frciiL  ilii-  trrmiml,  tins  iiozzk-  pn-ssupt-  is  sufficient 
wliiiirv.r  til.'  Iiriirlii  iif  tlir  ImiMiiiKs,  as  ninsklcniiK  tin-  juigle  irum 
»liii-li  ilii-  «;it<T  tiiu-i  In-  ihrciwii  tlx-  stn-iniis  frmn  the  yniuiid  are 
i.r  lilllr  %;iln.'  ;il...v,'  ill,-  I'oiinli  i.r  liftli  slnry. 
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shonii  in  Table  XXII,  should  be  used  for  the  hi^  pressure  piping 
system.  Luf(s  are  often  cast  on  these  pipes  so  that  after  the  pipe 
sections  are  in  place,  iron  rods  may  be  secured  by  these  lugs  and  tbe 
system  thu:i  reinforced,  Figs.  272  and  273.  AH  mains  should  be 
sufficientl>'  large  to  deliver  the  nuudmun 
amount  of  water  required  without  eioes- 
sive  friction  loss.  These  mains  ^ould 
be  gridironed  and  at  least  at  ever}'  street 
.  intersertion,  there  should  be  gate  \s\\ti, 
'  so  that  if  any  section  is  injured  by  dos- 
ing valves  at  either  end,  this  iajiued 
section  may  be  cut  out  without  affect- 
ing the  rest  of  the  system. 


\'altfs.     Ill  titiinection  with  the 

York  lligli  IVsaure  System,  experis 

are  now  being  made  with  a  syst^*" 

\-  lie  detected,  exactly  located,  ar»*^  ^ 

from  the  pumping  station.     Abr"^^** 

;lio   i)rossure   and  this  sudden  d.*~*^P ' 
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pri'ssurt'  actuutrs  uii  olfctric  deviw  which  starts  one  of  a  aeries  of 
lights  ill  the  |M»wer  station.  The  number  of  the  light  indicates  the 
{Mtsition  of  the  break.  By  other  electrical  devices  the  proper  valves 
may  1k'  cIoschI. 

Hydrantjt.  Tlie  hydrants  for  hijjh  pressure  service,  sections  of 
which  are  shown  in  Figs.  274,  275,  and  270,  should  be  larger,  leave 
mon*  outlets,  and  Ik'  mon*  dosi'ly  spaced  than  those  on  ordinan* 
supply  systems.  Those  in  New  York  City  were  selected  after  most 
thonnigh  ti'sts  had  inrn  made  of  several  kinds  of  hydrants,  the  ones 
('h(»sen  Ikmh^  twii*e  tested  for  tightness  under  a  hydrostatic  pressure 
of  'MH)  to  <MN)  jMrnnds. 

The  main  valve  of  the  hydrant  is  six  inches  in  diameter  and 
ofHMis  downwanl  apiinst  the  prt*ssurt*  of  the  water.  To  make  this 
easily  {xtssihle,  the  first  few  turns  of  the  wrench  opens  a  little  pilot 
valve  admittiuf;  water  to  the  hydrant  barrel  and  thus  equalizing 
the  pn^ssure  on  iNith  siiles  of  the  main  valve,  which  can  then  be 
readily  scn'Winl  down.  OixMiing  this  valve  closes  the  drip.whidi 
is  automatically  ofK'niHl  when  the  hydrant  is  dosed.  There  are  four 
liosi'  outlets  to  each  hydrant — one  42  inches  and  three  3  indies  on 
some;  and  f(»ur  )i-iiich  outlets  on  others.  The  controlling  valves 
on  thcsi'  arc  also  arranged  so  that  after  a  few  turns  the  pressure  mi 
citluT  side  !-<  halaiiccil  and  the  valves  easily  opened.  It  is  neoessar}*, 
however,  t«>  open  the  main  valve  first.  If  the  hose  valves  are  finst 
(Opened,  tiie  water  cm -a  pes  fnmi  the  hydrant  barrel  and  does  not 
Imild  up  the  pre>sure  on  th(»  main  valve. 

Tile  map  >ht)wii  in  Fi^.  277  pvcs  the  arrangement  of  the  mains 
ami  >paeiii^'  of  the  hydrants  of  the  New  York  High  Pressure  System. 

High  Pressure  Systems  in  Various  Cities.  High  pressure  sys- 
tem>  nia\  he  divided  iiiti)  thriv  classics  aecortling  to  the  means  by 
which  the  hi;rh  pressure  is  ohtaiiuMl;  viz,  (jrariiy,  fire  boat  prr^^furCj 
and  jfn>'surr  frnin  a  jh  rnnnirnflif  hmiial  jfuwpltig  iftation.  According 
to  the  iiiean>  at  liaml,  ditVercnt  cities  have  designed  and  built  these 
>\>teins  in  dillVreiit  ways  as  sliown  by  the  few  instancies  given  as 
rollow>:  Newark,  N.  J.,  and  Wasliington,  D.  C,  have  gravity  sys- 
tems; Milwaukee,  Detroit,  Huil'alo,  (Icveland,  and  Boston  have  fire 
boat  Msteni>:  Philadelphia  and  Coney  Island  have  |X'rmanently 
located  ^ra-  dri\en  pumping  >y>tems;  and  New  Yi>rk  has  i)ermanently 
located  inot«>r  dri\«*n  pinnpin^  systems. 
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iGrarity  Syntenu.  In  Newark,  N.  J.,  the  original  supply  fur 
■  aQ  puriKises  was  distributed  b\-  gravit\',  but  with  the  increasing 
detuancis  of  a  growing  dty  the  pressures  aa  well  as  the  supply  became 
SI)  >niall  that  a  separate  gravity  high  pressure  fire  system,  ^ving 
pn^ssures  from  100  to  130  pounds,  was  installed. 

firf  Boat  Pressure.  About  IS88,  Cleveland  and  Milwaukee 
installed  high  pn-ssure  piping  and  hydrant  systems  in  their  business 
districts  so  arranged  that  fire  boats  could  be  attached  to  connections 
provided  at  several  wharves.    Fire  boats  arc  cxpen9i\e  to  construct 


j^i 


and  to  maintain  and  these  original  systems  were  designed  to  extend 
the  field  of  usefulness  of  the  powerful  pumps  of  these  boats  frtmi 
the  water  front  to  Uie  valuable  inland  district.  Since  1S88,  other 
citivs  having  water  fronts  such  as  Buffalo,  Boston,  and  Detroit 
have  installed  fire  boat  high  pressure  systems.  In  the  Boston 
i^'stem  salt  water  is  used.  Before  constructing  this  system,  experi- 
ments were  made  to  determine  the  action  of  salt  water  upon  the 
i  parts  that  would  he  required.  It  was  found  neeessar>'  to 
bte  from  each  other  nil  metals  of  different  electrical  potentials 
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in  ftnlrr  t(>  prevent  galvanic  action.  Although  as  valuable  as  fresh 
water  for  rxtiiiguiiihing  fires,  salt  water  does  tnore  damage  both  to 
the  buiWings  and  their  contents  and  thus  b  not  so  desirable  as  fresh. 
In  some  of  these  systems,  the  pipes  slope  toward  the  fire  boat 
conuwtions  so  that  in  winter  they  may  be  drained  each  time  after 
they  are  used,  though  in  summer  the  system  may  be  kept  primed, 
that  is,  \}\\K^  filled  with  water,  and  ready  for  use.  It  will  readily  be 
seen  that  such  systems  require  complex  and  numerous  valves  to 
allow  the  air  to  escape  when  the  water  enters;  to  permit  of  thorough 
draining;  to  prevent  back  flow  when  more  than  one  boat  is  operatii^; 
and  to  allow  for  water  hammer.     Considering  the  conditioDS  under 
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wliicli  tticsc  systems  iipcratf,  the  nature  of  the  water  used  in  most 
cjiscs,  tlif  lunt;  [mtiihIs  of  disuse,  which  afford  everj'  opportunity 
for  tlir  viilvcs  ici  stick  uikI  for  ice  ami  sediment  to  l>e  present,  and 
that  ii  (iTtaiii  amonnt  of  time  is  rwjuinHl  to  summon  the  fire  boats 
iind  attarli  tlicin,  the  auxiliary  supply  systems  uf  these  cities  have 
iloiif  cxci'llciit  service. 

I'ri:i.iiirr  froiii  I'uiiijiiiKj  Sfatiiins.  Philadelphia  was  the  first 
lity  to  lijivc  a  more  claliorate  system.  The  supply  system,  if  it  was 
to  i)e  called  npon  fur  Imtli  domestic  and  fire  purposes,  had  grown 
iiiiii)ei|uate  f()r  the  city,  although  it  was  large  enough  to  meet  all 
(-alls  for  diimestie  uses  for  some  time  to  enme.  The  solution  was 
the  installation  in  1!K);!  of  an  irnU'iK-ndent  fire  system  supplied  by 
pennaiiently  loeateil  ^iis  driven  pmnps  drawing  from  the  Delaware 
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Uiver.  This  system  can  deliver  9,1(X)  gallons  jht  minute  under  a 
maximum  pressure  of  31)0  pounds.  Provision  was  also  made  to 
attach  fire  boats  to  this  system  in  an  emergency. 

Although  on  a  much  smaller  scale  than  the  one  just  mentioned, 
the  high  pressure  ser\'ice  at  Coney  Island  is  also  obtained  from 
permanently  located  gas  driven  pumps,  Fig.  278.  This  power  could 
be  obtained  with  less  difficulty  and  expense  than  any  other. 

In  1906  a  system  much  larger  than  any  ever  constructed  pre- 
viously was  opened  in  Brooklyn,  New  York.  (See  Fig.  187,  **Fire 
Insurance  Inspection,"  Part  IV.)  '  In  1908  a  similar  system  was 
opened  in  the  Boh)ugh  of  Manhattan,  New  York  City,  Fig.  279; 
in  both  systems  the  motor  driven  multi-stage  centrifugal  pump 
having  been  used.  The  rated  capacities  of  these  systems  are  respect- 
ively 32,000  and  30,000  gallons  per  minute  under  300  pounds  pres- 
sure at  the  pumps,  though  provision  is  made  to  increase  this  amount 
by  attaching  fire  boats  and  also  pumping  salt  water  into  the  system. 

The  initial  supply  in  the  New  York  system  comes  from  the 
Croton  aqueduct;  but  if  necessarj-  the  pumps  may  draw  frpm  the 
salt  water,  and  besides  these  supplies,  fire  boat  connections  are  pro- 
vided as  already  mentioned. 

Alarm  Systems.  Various  methods  of  sending  alarms  and 
signals  between  the  oflBcer  in  charge  of  a  fire  and  the  power  station 
or  boat  are  employed.  At  the  first  alarm  of  fire  in  a  high  pressure 
zone  of  a  fire  boat  system,  the  boats  are  usually  required  to  attach 
to  the  nearest  wharf  connection  and  in  some  cases  to  fill  the  system 
and  await  further  orders. 

In  Detroit  originally  a  single  wire  was  laid  in  a  pipe  in  the  same 
trench  with  the  high  pressure  mains,  and  signals  in  axle  form  were 
sent  along  this  wire  by  means  of  push  buttons  located  at  each  hydrant ; 
thus,  1  bell  start  pump;  2  bells  stop  pump;  3  bells  20  pounds  less 
pressure;  4  bells  20  pounds  more  pressure;  and  6  bells  pick  up. 
Their  present  system  is  as  follows:  A  common  batter>-  telephone 
and  batterj*  is  on  the  boat,  on  which  is  also  provided  a  flexible,  double- 
conductor  cord  kept  on  a  suitable  reel.  The  duplex  wire  along  the 
line  is  multipled  up  to  each  hydrant  to  a  telephone  jack — a  similar 
jack  or  contact  socket  being  provided  at  the  river  end.  A  portable 
telephone  set  is  plugged  in  at  any  hydrant,  forming  a  common  bat- 
ter>'  circuit. 
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In  si»me  citii^,  stn-t-t  tcIciihoiK-  boxes  an-  phuit)  at  such  fn-- 
qucnt  inten'aLt  that  a  fir*.',  wlicrevcr  located,  iiiaj-  he  visible  fnmi 
one  at  least,  and  from  these  lx)xe»  the  po^er  station  nmy  receive 
orders  as  to  the  pressure  requin-d.  These  sifriialing  systems,  how- 
evtr,  are  not  wholly  satisfactory.  Teleplioiic  communication  is 
necessarily  slow  and  it  being  especially  <liffioiilt  on  stormy  days  and 
on  lUNsy  streets,  mistakes  in  uiiderstaiitlinf;  the  orders  may  fre- 
quently occur.  As  there  is  no  permanent  or  stamped  reconl  made 
of  tel^hone  signals  the  blame  for  any  misumlerstiuiding  can  not  t>e 
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find.  Con^dering  all  these  weak  |)oiiits.  it  is  proltablc  that  a  tele- 
gn|rfiic  dgnaling  system  will  soon  l>e  designed  to  suitcrseile  tlie 
pnsNit  telephone  system. 

Uses.  The  rities  prondcd  with  higii  pressure  s\stenis  iis<'  tlicin 
differently.  In  some,  as  has  alniuly  Imtu  mentioned,  tlic  system 
is  primed  at  the  first  alarm  of  fire  and  the  department  awaits  further 
orders.  When  the  pumping  station  is  permanently  Imated,  some 
fire  diiefs  order  that  it  supply  certain  pn-ssures  at  a  first  aliirm  fire, 
so  that  as  soon  as  the  light  hose  trucks  an'  at  liand,  water  ami  pressure 
may  be  available;  while  other  cities  use  fire  engines  for  first  alarm 
fires  and  high  pressure  for  more  si'ri<iHs  fires. 
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Smir  ex|HTiriHt'  Mfins  to  show  that  when  high  pressure  sys- 
tems art*  usihI  the  firi'meii  have  a  teiulency  to  stand  off  and  drown 
out  the  fire  instead  of  fighting  it  at  close  range,  and  in  this  way  the 
water  damage  is  excessive.     In  no  case  have  the  fire  engines  been 
taken  from  the  tlistricts  protectwl  by  high  pressure  even  though 
these  systems  are  equivalent  to  a  great  many  engines.     For  instance 
in  New  York,  the  pumping  stations  have  a  rated  capacity  of  30,000 
g:dl(»ns  i)er  minute.     Fire  engines  are  rated  in  capacity  from  500  to 
14<K)  gallons,  so  that  theoretically  it  would  require  twenty-five  of 
the  largi^t  ty|x*  of  engine  to  equal  the  high  pressure  system.    How- 
ever, untler  actual  conditions  these  engines  pump  about  800  gallons 
fHT  miinite,  and  assuming  that  the  high  pressure  does  not  work  at 
maximum  capacity,  aiul  making  other  allowances,  it  is  approximately 
corre<'t  to  nn-kon  that  it  takes  thirty  engines  to  equal  the  working 
capacity  of  the  high  pressure  system.    From  Figs.  280  and  281  com- 
parisons can  Ik*  made  of  the  efficiency  of  hose  streams  from  a  first 
size  fire  engine  and  a  first  class  high  pressure  system.     In  being  able 
to  do  the  work  of  so  large  a  number  of  engines  it  overcomes  the 
massing  of  so  many  engines  about  a  fire. 

Disadvantages.  The  pressure  generally  supplied  by  high  pres- 
sun»  systems  is  such  that  the  streams  can  not  be  handled  safely  by 
hand,  wliilc,  hy  using  fire  engines,  the  pressure  required  in  different 
IniM'  >trrani>  couhl  he  easily  rcgulatt^d.  It  is  often  necessan*  for 
fircnu'ii  to  handh'  streams  in  dangerous  places  where  they  may  need 
to  back  out  (|ui(kly;  or  they  may  wish  to  get  a  hose  up  a  ladder, a 
fire  escape,  or  up  tlic  stairs;  and  any  one  of  these  conditions  requires 
>trcains  that  may  he  easily  and  absolutely  controlh»d.  With  a  high 
j>re^>ure  stream  >uch  control  is  difficult.  Various  high  pressure 
lian<llin^  devico  have  already  Ikhmi  described  and  illustrated  under 
the  section  on  Klre  Department  Equipment. 

Controlling  \  alve.  Wlien  two  or  more  fires  occur  simultaneously 
in  a  lii^h  |)res>ure  district  it  may  happen  that  diflFerent  pressure 
would  i)e  HMiuired  at  the  different  places;  for  instance,  the  company 
at  a  small  fire  may  ask  for  and  1h*  working  with  a  pressure  of  12*^ 
])ounds,  while  the  officer  in  charge  of  a  large  fire  sends  an  order  for» 
2(H)  pomid  ])ressur(\  The  increase  of  pressure  at  the  pumps  due 
to  the  second  order  would  increase  the  pressure  throughout  the 
entire  sy>teni  and,  of  course,  through  the  hose  streams  and  other 
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apparatus  asc^l  by  the  first  coinpany  without  warniiifjc  to  tho  men  at 
work,  and  such  unoxjK»ct(^l  font*  might  seriously  onchmger  the  men. 
To  prevent  thc*se  conditions  and  to  permit  of  taking  streams  under 
different  pressures  from  the  same  hydrant,  a  pressure  reguhiting 
valve  has  bwn  designwL  This  is  a  portable  valve  weighing  about 
25  pounds,  designed  to  be  attached  to  the  hydrant  outlets.  A 
pressure  gauge  at  the  hose  side  is  s<*t  at  the  desiri»d  pressure  and 
no  matter  to  what  extent  the  system  pressure  may  be  raised,  the 
valve  will  kt*ep  the  hose  pressure  down  to  the  figure  at  which  the 
gauge  is  sc*t.  It  also  acts  automatically  to  keep  the  hose  pressure^ 
at  the  same  point  even  when  a  c*ontrolIing  nozzle  is  suddenly  shut. 

Conclusions.  Besides  furnishing  hose  streams,  the  high  pres- 
sure systems  can  he  connectt^l  with  the  standpipe  and  roof  hydrants, 
and  with  the  inside  and  outside  sprinkler  ecjuipments.  Up  to  the 
present  time,  flexible  connections  only  are  made  In^tween  the  high 
pressure  system  and  the  private  fire  fighting  devices;  however, 
many  authorities  advocate  the  installation  of  jHTmanent  connec- 
tions between  tlu*se  systems  and  automatic  sprinkler  equipmiuits. 
The  most  exj>ensive  parts  of  a  sprinkler  system,  either  to  install  or 
maintain,  are  the  pumps  and  the  gravity  or  i)ressure  tanks.  It 
is  believed  that  the  use  of  sprinklers  would  l)ecome  much  more  gen- 
eral if  a  satisfactory  water  supply  could  be  obtainwl  easily  and  inex- 
pensively, as  would  bt*  the  case  if  those  having  jurisdiction  would 
grant  permission  to  make  jHTmanent  connections  to  the  high  pressure 
svstems. 

The  most  stTious  objection  to  this  being  done  is  the  possibility 
of  the  sprinklertHl  risk  burning  and  so  injuring  the  large  pipes  between 
the  street  and  the  system  in  the  building,  that  the  high  pressure 
pipes  might  be  bled  so  scsriously  as  to  affect  the  efficiency  elsewhcTe. 
It  seenLs  that  such  a  condition  might  be  preventt^l  by  the  installa- 
tion of  proper  valves  for  outside  control. 

In  general  the  experience  with  high  pressure  systems  has  btrn 
so  satisfactory  that  therc  have  Ix^n  material  riMluctions  in  the  local 
insurance  ratc*s  following  their  installation.  Table  XXIII  eorrecte<l 
to  IIMH),  shows  the  High  Pressure  Systems  of  the  United  States  and 
Canada. 
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FIRE  INSURANCE  INSPECTION 

PART  VI 


COMMON  AND  SPECIAL  HAZARDS 

INTRODUCTION 

Common  hazards,  or  common  causes  of  fire,  are  those  ordinary 
BLTid  miiversal  conditions  and  operations  that  may  cause  fire,  which 
&re  common  to  a  greater  or  less  extent  in  all  classes  and  occupancies 
of  property,  irrespective  of  the  special  hazards  of  that  particular 
crlasSy  due  directly  to  the  occupancy  or  work  carried  on  therein. 

The  usual  causes  of  fire  may  seem  commonplace,  but  the  pre- 
dominance of  the  commonplace  is  an  accepted  fact.  The  hazard 
due  to  smoking  or  to  the  use  of  matches  is  as  potent  and  prevalent 
in  the  finest  factory  of  most  intricate  and  specialized  pnK'esses  as  in 
the  most  humble  dwelling.  Lightning  is  no  respecter  of  persons 
or  things  but  strikes  with  equal  impartiality  the  great  barn  bursting 
with  the  grains  of  a  bountiful  harvest  or  an  abandoned  and  weather- 
beaten  grist  mill  of  former  days  which  has  long  since  outlived  its 
utility  or  beauty.  \Miile  it  is  more  interesting  to  study  the  prcK^esses 
and  hazards  of  some  novel  but  prominent  industry,  it  is  important 
and  necessary' that  we  should  give  thought  to  everyday  occurrences; 
should  examine  the  hazards  of  these  common  causes  of  fires  in  con- 
siderable detail;  and  should  recognize  the  importance  of  such  study. 
A  large  percentage  of  fires  in  dwellings  and  mercantile  properties, 
etc.,  is  due  to  conunon  hazards.  In  factories,  although  the  largest 
number  of  fires  in  some  instances  may  be  due  to  six^ial  hazards,  the 
greatest  proportion  of  large  losses  is  almost  invariably  due  to  com- 
mon hazards  and  exposure. 

Special  hazards  are  those  special  conditions  and  operations  due 
directly  to  the  processes  of  manufacture,  characteristic  work,  or 
nature  of  occupancy  of  a  spei*ific  class,  which  have  the  potential 
possibility  of  causing  fire,  irrt*spcctivc  of  those  hazards  which  are 
common  to  any  and  to  all  classes  of  occupancy. 

Copyriyht,  l&l^,  by  American  6chool  of  Corrnpondtnce 
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In  general  there  is  a  clear-cut  distinction  between  the  common 
hazard  and  the  special  hazard.  Occasionally,  however,  there  may 
be  an  overlapping  that  might  at  first  seem  confusing,  but  which 
should  be  perfectly  clear  when  each  case  is  considered  by  applxing 
the  definition  of  common  and  special  hazard.  Consider,  for  example: 
A  cotton  mill  is  equipped  throughout  with  electric  motors  which  are 
supplied  by  a  current  generated  in  a  small  detached  boiler  and  power 
house,  an  adjunct  to  the  plant.  It  is  clear  that  any  hazard  in 
connection  with  the  generator  in  that  power  house  is  a  hazard  of 
power,  a  hazard  common  to  all  classes  of  plants.  On  the  other  hand, 
remove  the  cotton  mill  and  picture  this  small  power  plant  as  trans- 
formed into  a  large  central  electric  power  station.  This  station  then 
becomes  a  specialized  plant — a  manufactory,  in  fact,  of  electric  cur- 
rent for  general  distribution.  Then,  according  to  the  definition  of 
the  difference  between  special  and  common  hazards,  the  hazards 
involved  in  the  electric  generating  system  are  special  hazards  and 
should  be  so  considered. 

There  is  a  natural  tendency  among  those  who  have  had  auy  field 
exj)erience,  and  perhaps  especially  among  the  trained  inspectors,  to 
become  at  first  most  interested  in  and  concerned  by  the  occupational 
or  special  hazard.  This  is  the  most  impressive  source  of  hazard  and 
frequently  receives  the  greatest  thought,  to  the  neglect  of  the  com- 
mon hazards.  In  the  nature  of  things,  the  special  hazard  can  often 
receive  more  specific  treatment  than  any  other  with  more  spectacu- 
lar results.  A  n()tal)le  example  was  the  segregation  of  the  picker 
hazard  in  the  cotton  mill,  which  at  one  stroke  reduced  the  special 
hazard  of  that  class  from  one  of  the  severest  known  at  the  time  to  one 
of  negligible  c()nse(|uence  in  underwriting.  The  same  tendency  of 
treatment  is  exhihittn^l  in  the  detached  boiler  house,  but  still  steam 
must  be  intnxluctHl  into  the  mill.  Power  must  be  distributed,  and 
no  matter  where  the  source  is,  the  common  hazard  of  friction  is  ever 
present  whenever  a  whtn^l  turns.  Light  must  be  carried  to  ever}'  part 
of  the  plant  and  the  system  possCvSses  as  much  hazard  in  one  loca- 
tion as  in  another,  and  perforce  the  hazard  is  equal  throughout. 

A  correct  knowledge  of  the  causes  of  fire  is  a  very  necessarj' 
liminary  to  the  taking  of  effective  measures  for  their  cessation  or  p 
vention.     These  causes,  at  first  few  and  simple,  have  now  beco 
many  and  complex  because  of  the  multiplication  of  inventions  a 
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resources  and  the  introduction  of  new  products  and  systems  into 
conunerce.  Only  a  comparatively  few  years  ago  there  were  no  more 
than  two  forms  of  light  or  power  in  use,  while  now  there  are  a  half 
dozdn  or  more  forms  of  each  in  common  use.  The  development  of 
the  pyroxylin  plastic  (commonly  called  celluloid)  industry  has  intro- 
duced a  chain  of  allied  industries  and  important  special  hazards  inci- 
dent thereto;  such  as  the  manufacture  of  moving  picture  fihns,  artifi- 
cial leather  products,  lacquers,  etc. 

The  economic  evolution  which  is  constantly  taking  place,  occa- 
sionally produces  a  condition  of  less  hazard;  but  in  general  the  disap- 
pearance of  some  well-known  hazard  is  superseded  by  the  introduc- 
tion of  several  new  ones — conditions  which  must  be  met  at  once. 
The  well-informed  insurance  man,  be  he  an  unden^'riter  or  engineer, 
agent  or  clerk,  should  therefore  endeavor  to  keep  informed  on  the 
nature  of  these  systems,  processes,  and  advances,  their  operation  and 
hazards,  so  that  he  can  at  all  times  be  ready  to  give  service  to  his 
clients  with  satisfaction  to  himself. 

Note:  By  reference  to  "Rules  and  Requirements"  is  meant  the  rules 
and  requirements  of  the  National  Board  of  Fire  Underwriters  as  recommended 
by  the  National  Fire  Protection  Association,  which  pertain  to  the  particular 
subject  under  discussion.  These  are  issued  in  small  pamphlet  form  and  are 
freely  distributed  without  cost.  Those  that  pertain  to  the  particular  subject 
under  discussion  should  be  carefully  studied.  By  reference  to  the  ''Lists  of 
Appliances"  is  meant  the  ''List  of  Gas,  Oil,  and  Chemical  Appliances"  and 
"List  of  Fire  Appliances,"  which  are  issued  separately  semi-annually  by  the 
National  Board  at  the  recommendation  of  the  Underwriters'  Laboratories,  Inc. 
Approved  or  listed  devices  refer  to  the  devices  which  appear  on  these  lists. 
The  Underwriters'  Laboratories'  approval  or  label  is  accepted  as  evidence  of 
proper  construction  of  the  appliance  at  the  factory. 

COMMON   FIRE   HAZARDS 

LIQHTINQ 

The  development  and  utilization  of  lighting  systems  from  the 
most  primitive  forms  of  ancient  times  to  the  most  complex  systems 
of  the  present  day  have  been  a  prolific  source  of  fires.  Although  the 
improvements  which  have  been  made  in  such  systems,  as  electric 
lighting,  have  greatly  reduced  the  variety  of  causes,  a  certain  percent- 
age of  all  fires  will  probably  continue  to  be  attributable  to  lighting 
systems. 

Candles.  Manufacture,  The  tallow  dip  is  mentioned  by  a 
Roman  writer  of  the  second  century  A.D.,  and  until  modern  times 
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has  been  largely  an  article  of  domestic  manufacture.  Waxlights 
were  probably  of  earlier  invention.  TV-o  distinct  guilds  of  candle- 
makers,  the  "Waxchandlers"  and  the  "Tallowchandlers,"  conducted 
the  candle  industry-  in  England  during  the  Middle  Ages.  In  1484  a 
company  was  formed  in  London  to  manufacture  wax  candles.  Sperm- 
aceti came  into  use  as  a  substitute  for  tallow  about  1750,  while  par- 
affin was  not  introduced  for  this  purpose  until  about  1854.  A  mix- 
ture or  composition  of  paraffin  and  stearine  is  now  very  generally 
used  for  candle  manufacture,  the  proportion  of  stearine  being  the 
greater  for  candles  w^hich  are  intended  to  be  burned  in  hot  climates. 

Coiufumption,  In  old  fire  records  of  London  during  a  period  of 
thirty-three  years,  and  after  the  introduction  of  gas,  eleven  per  cent  of 
the  fires  were  due  to  candles  and  seven  per  cent  were  due  to  gas.  Few 
probably  in  this  present  day  have  considered  to  what  extent  candles 
are  used,  or  have  realized  that  candles  today  have  a  share  in  the 
cause  of  fires.  As  a  matter  of  fact,  the  manufacture  and  consump- 
tion of  this  time-honored  commodity  are  said  to  be  increasing  annually 
from  ten  to  sixteen  per  cent. 

Uses,  Tons  of  candles  amounting  to  millions  of  lights,  are 
burned  every  year  on  the  altars  of  Episcopal,  German  Lutheran,  and 
Roman  Catholic  churches.  The  custom  of  keeping  fire  of  some  kind 
before  consccrattMl  objects  has  been  associated  with  religious  worship 
by  ptM)ples  of  all  races;  it  exists  in  Chinese  joss-house  as  well  as  in 
Christian  cathedral;  and  it  was  ancient  even  when  the  Vestal  Virgins 
guanled  the  sacrtMl  fire  of  Rome.  The  use  of  candles  at  altars  and  in 
eonnectu)n  with  certain  religious  rites  and  ceremonies,  constitutes  a 
fire  hazard  which,  although  small  because  of  careful  and  conscien- 
tious attendance,  is,  nevertheless,  very  real.  The  use  of  candles  for 
the  decoration  of  Christmas  trees  has  been  a  prolific  source  of  fire  and 
horror.  Plumbers  and  nuH'hanics  use  a  large  number  of  candles  and 
freciuently  go  away  leaving  them  burning  on  the  floor  or  in  some  other 
favcrrable  place  for  setting  a  fire.  The  use  of  candles  for  exploring 
dark  places,  looking  for  gas  leaks  and  entering  cellars  or  attics,  etc., 
is  fraught  with  those  hazard>:  common  to  the  use  of  an  open  flame 
which  may  come  in  contact  with  inflanmiable  material,  or  ignite 
volatile  or  explosive  vai)ors. 

Precautions.  Candles  should  be  eliminated  where  possible. 
The  use  of  lights  in  the  public  worship  of  the  CathoUc  Church  is 
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governed  by  detailed  ecclesiastical  regulations  which,  in  general, 
prescribe  the  minimum  quantity  to  be  used  on  various  occasions,  and 
combustible  candles  must  be  used  to  a  certain  extent.  However,  it 
is  perfectly  feasible  to  substitute  electric  lights  for  many  extra  can- 
dles, for  it  b  customary'  to  use  many  more  candles  than  are  demanded 
by  the  minimum  requirement.  WTiere  candles  must  be  used,  precau- 
tion should  be  taken  to  prevent  upsetting  by  placing  them  in  perma- 
nently fixed  or  safely  balanced  holders,  free  from  possible  contact 
with  light,  inflanunable  material. 

The  use  of  candles  for  the  decoration  of  Christmas  trees  should 
be  absolutely  prohibited  under  all  conditions.  The  use  of  candles 
for  the  other  purposes  enumerated  above  should  be  discouraged,  and 
that  of  electric  hand  torches,  where  portable  lights  are  necessary, 
strongly  advocated.  These  are  very  satisfactory  for  momentary 
lights. 

Torches.  Open  torches,  burning  kerosene  or  other  inflanunable 
liquids,  are  sometimes  used  by  mechanics  and  millwrights  in  mak- 
ing repairs  around  the  dark  places  to  be  found  in  a  factory,  such  as 
shaft  holes,  engine  pits,  beltways,  etc.  These  locations  are  likely  to 
have  an  accumulation  of  oil,  grease,  and  lint,  and  thus  fires  are  readily 
started  and  spread  with  amazing  rapidity.  Most  fires  originating 
around  belts  have  been  from  this  cause.  Here  the  fire  quickly  trav- 
els beyond  its  origin  and  thereby  whole  mills  have  frequently  been 
destroyed.  As  a  general  rule,  these  torches  should  be  prohibited; 
but  where  used,  constant  care  must  be  taken  to  keep  the  open  flame 
from  coming  in  contact  with  inflammable  material. 

Qas  Lighting.  Development,  The  first  authentic  record  of  an 
inflanunable  gas  from  coal,  which  is  usually  spoken  of  as  illuminating 
gas,  retort  gas,  or  city  gas,  dates  from  1739.  In  1792  William  Mur- 
doch conceived  the  idea  of  applying  this  gas  to  economical  purposes; 
and  in  1798  he  fitted  up  the  engine  works  of  Messrs.  Boulton  and 
Watts,  in  Birmingham,  with  the  appliances  for  illumination.  In 
1807  gas  lights  first  appeared  in  the  streets  of  I^)ndon,  and  the  first 
company  was  formed  in  1812.  The  so-called  water-gas  was  intro- 
duced through  the  experiments  of  Ix)we  and  l)u  Motary  in  the 
Viiited  States  during  1873.  At  present,  the  tunount  of  water-gas 
Hold  for  public  use  is  in  the  neighborhood  of  7;)  per  cent  of  the  entire 
quantity  of  gas  sold.    The  advent  of  electricity  for  lighting  pur- 
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poses  did  not  check  the  progress  of  gas.  On  the  contrary*,  as  has  been 
the  history  where  improved  methods  of  lighting  have  developed, 
both  kinds  of  lighting  profittnl  by  the  increased  eflBciency.  Since 
the  introduction  of  the  incandescent  mantle,  notwithstanding  the 
fact  that  the  resultant  j-ield  of  illumination  per  cubic  foot  consumed 
was  practically  quadrupled,  the  output  of  gas  has  been  continually 
on  the  increases  and  the  gas  sales  in  large  cities  have  grown  ahnost 
twict*  as  fast  as  the  population. 

Proi^erties  of  Gas.  City  gas,  as  we  know  it  today,  is  somewhat 
different  from  the  gas  which  results  from  the  ordinary'  destructive 
distillation  of  coal;  for  water  is  introduced  into  the  process  and  passed 
through  the  hot  bed  of  coal,  the  water  being  broken  up  into  its  con- 
stituent gases  which  enter  into  the  general  composition.  Naphtha 
is  also  used  to  a  certain  extent.  Water-gas  has  less  smell  than 
straight  coal  gas.  Consequently  a  leak  is  less  easily  discovered,  and 
serious  explosions  have  occurred  due  to  this  fact.  Average  city 
gas  is  much  lighter  than  air.  Coal  gas  has  an  explosive  range  from 
eight  (S)  to  twenty-three  (23)  parts  of  gas  with  air,  and  water-gas  a 
ninge  of  from  nine  (9)  to  fifty-five  (55). 

Methods  of  Use,  Gas  is  used  in  open  flame  jets  with  either  fixed 
or  swinging  brackets;  in  mantle  lamps  >*'ith  upright  or  inverted  burn- 
ers, and  with  jKTmaneiit  fixtures  or  jK)rtabIe  table  lamps;  and  in  gas 
arc  lamps,  (ias  is  supplinl  from  a  ct^ntral  gas  plant  through  street 
mains.  Private  connections,  usually  three-fourths-inch  pipe  with 
or  without  shut-otr  valves,  supply  the  system.  Registering  meters 
are  plaetnl  in  the  connection  and  frc<iuently  are  located  in  basements. 
Inside  sluit-otV  valves  are  locattMl  near  meters.  Gas  is  piped  to  all 
permanent  fixtures  in  the  building.  Portable  lamps  are  generally 
Mipplieii  by  flexible  rubber  tubing. 

(rii:t  Lujhi'nuj  II(!Z(ir(h.  The  chief  hazard  of  gas  lighting  systems 
comes  either  from  the  gas  jets  themselves  or  from  the  prevalent  use  of 
matches  for  liglitiiig  the  gas.     The  latter  feature  was  at  one  time  con-  - 
^iderably  rnliicetl  in  a  measure  by  the  use  of  electric  igniters.     The-= 
use  of  these  igniters,  however,  is  limitinl  by  the  Underwriters'  require — - 
ments  to  those  fixtures  that  are  piptnl  for  gas  alone.     The  increas — 
ing  use  of  eoml)ination  fixtures  for  gas  and   electricity  has  reduce(^ 
the  use  of  electric  gas  igniters  very  materially.     Jets  being  moved  in 
contact  with  inflammal)le  material,  or  curtains,  etc.,  being  blown 
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across  the  open  jets,  cause  many  fires;  also  burners  located  too  near 
ceilings.  Hot  lava  tips  may  be  blown  out  of  the  gas  burner  and 
landed  on  some  inflammable  material.  It  is  said  that  the  so-called 
genuine  lava  tips  are  now  made  from  talc  spar  ^d  cheaper  ones  from 
soapstone.  Mantle  burners  are  rapidly  superseding  the  jets.  Leaky 
pipes  and  fixtures  are  dangerous.  Flexible  rubber  tubing  is  hazard- 
ous. This  tubing  was  formerly  sj>ecially  made  with  great  care  and 
sold  at  forty  cents  per  foot.  The  best  tubing  in  the  market  for  this 
purpose  now  sells  for  about  twelve  cents  per  foot  and  is  an  inferior 
and  even  dangerous  subterfuge.  In  gas  arc  lamps,  glowing  particles 
of  the  mantles  are  liable  to  fall  through  the  bottom,  and  occasionally 
gas  arcs  bum  in  two  and  allow  the  lower  part  of  lamp  to  fall  on  inflam- 
mable material.  Rubbish  and  inflanmiable  material  piled  around  or 
in  close  proximity  to  gas  meters;  soldered  joints  easily  melted  by 
small  fire  and  ^s  ignited ;  lack  of  outside  shut-off  gates  on  mains  are 
all  serious  hazards.  There  is  also  the  possibility  of  striking  or  blow- 
ing out  the  gas  flame,  or  of  its  being  extinguished  by  fluctua- 
tions in  gas  pressure.  This  produces  a  condition,  due  to  the  escap- 
ing gas  mixing  with  the  air,  where  an  explosion  is 
IDossible. 

Protection.  Stationary  gas  jets  are  preferable,  i 
^lovable  jets  should  have  suitable  stops  provided,  i 
Z^uitable  wire  guards  should  be  attached  around  jet 
i*i  either  case.  An  example  of  such  is  shown  in  Fig. 
^S82.  Jeta  should  in  no  case  be  less  than  eighteen  ^'^^^^  o^"cu™' 
>  nches  below  ceilings  or  under  any  inflammable  ma- 
terial; and  if  less  than  thirty-six  inches,  they  should  be  pro\irie<l 
~>^'ith  a  heat  deflector  suspended  at  leastfour  inches  below  the  ceil- 
i«ig  or  material  exposed.  Piping  and  fixtures  should  always  be 
i  xistalled  by  reputable  experts.  The  use  of  flexible  or  rubber  tub- 
ing should  be  discouraged.  ^Vherc  flexible  connections  are  necessary, 
Xnlace  the  valve  where  the  tube  joins  the  gas  pipe — not  at  the  burner. 
-fXrrange  shields  under  gas  arcs.  Gas  meters  should  be  in  a 
Safe  part  of  the  building  where  least  liable  to  accident  and  where  they 
rnay  have  free  circulation  of  air.  Inflammable  material  should  not 
^K'  stored  in  close  proximity  to  meters.  Arrange  guards,  If  nowl  be, 
to  keep  storage  material  away.  Ueffiiire  outside  shut-off  gates  in 
all  private  connections. 
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Kerosene  Oil  Systems.  Lamps.  Liainps  were  used  in  the  early 
agt^s  in  KgN'pt,  Greece,  and  Rome.  Lamps  ii^ith  hom  sides  are  said 
to  have  been  invented  by  Alfred  the  Great  who  died  in  901.  London 
streets  were  lighted  with  oil  lamps  in  1781.  In  1784  a  Frenchman 
inventwl  a  lamp  which  would  neither  smoke  nor  smell.  About  1803, 
CarctJ  invented  a  lamp  founded  on  the  principle  of  Argand,  in  whidi 
by  means  of  a  hollow  wick  and  a  glass  chinmey  a  strong  and  dear 
light  was  produced  by  placing  the  flame  between  two  currents  of  air. 
However,  lamps  such  as  we  know  them  now  were  developed  since  the 
practical  introduction  of  petroleum  and  kerosene.  The  real  devel- 
opment of  this  industry  dates  from  the  discovery  by  Mr.  Drake  of  a 
productive  oil  well  near  Titusville,  Pennsylvania,  in  1859. 

Use.  \qt\'  few  manufacturing  properties  are  today  lighted  by 
kerosene  oil  lights,  but  a  vast  number  of  dwelling  and  mercantile 
projK'rties  are  illuminated  by  this  means.  Kerosene  oil  lighting  is 
considert^l  more  hazardous  than  gas  or  electricity  and  is  not  approved 
(exci*pt  the  appn)vtKl  watchman's  lantern)  in  buildings  of  standard 
mill  construction. 

Hazards.  Hazards  art*  mostly  those  of  care  and  use.  Cleanli- 
ness is  the  first  law  of  safety  in  illumination  by  coal  oil.  There  is  but 
little  danger  of  the  modern  kerosene  lamp  exploding  if  it  is  kept  clean. 
The  little  flat  tube  alongside  the  wick-tube  is  an  open  passage  for  the 
constant  esca|K»  of  vapors  from  the  oil,  which,  if  confined,  would  cause 
trouble.  This  va|>or  is  consumwl  in  the  flame  of  the  lamp  without 
noise  or  danger.  It  is  when  this  tube  and  the  wick-tube  become  dirty 
or  choktnl  with  s(M)t  or  wick-carbon  that  the  danger  of  explosion  is 
present.  A  g(Mxl  white  light  may  be  insured  by  removing  the  char 
from  the  wick  daily,  and  never  burning  the  wick  more  than  half  its 
length.  Dirty  metal,  which  retains  the  heat  to  a  far  greater  degree 
than  a  nicely  polishc<l  lamp,  causes  the  vapor  to  rise  from  the  oil,  and 
thus  an  explosion  is  likely  to  occur. 

Only  metal  lamps  should  be  used,  and  the  central  draft  type  is 
not  desirable.  Round  burners  are  safest,  and  the  bowls  should  he 
so  large  in  proportion  to  the  burner  that  the  onlinary  burnhig  peritxl 
will  not  eonsinne  more  than  two-thinls  of  the  oil.  ^lost  of  the  fins 
aiul  (lejitlis  from  lamps  are  due  to  the  accidental  upsi*tting  of  the  lamp, 
frcMpiently  done  by  children.  Xo  one  having  children  in  the  house 
sliould  permit  the  use  of  any  lamp  with  a  small  base.    Some  lamps 
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are  so  made  and  weighted  that  they  right  themselves  if  tipped  over. 
Broad,  heavy-based  lamps  kept  pernuineiitly  in  one  place  are  safest. 
Where  lamps  are  to  be  permanently  located,  as  in  factories, 
stores,  etc.,  they  should  be  supported  by  suitable  metal  hangers  and 
proper  heat-guards  provided  to  protect  the  hanger  and  the  material 
overhead.  The  lamps  should  be  taken  to  some  suitable  place  outsi<le 
of  the  main  premises  for  filling  and  the  supply  of  kerosene  kept  at 
that  point.  Lamps  should  always  be  filled  in  daj'time  and  never  when 
lighted.  Paper  and  cloth  shades  should  never  be  used  on  lamps.  Only 
high  test  oil  should  be  used,  but  this  is  well  governed  by  law  and 
inspection  in  most  states. 

JVote;  The  epecificationa  of  the  United  States  Army,  defining  kerosene, 
require  a  flaabing  point  between  135°  and  150°  PahreDheit,  and  a  hydroinct«r 
test  of  48''  Baume  (xpcciGc  gravity  0.7865). 

LanUms  The  first  ofiicial  tabulation  of  the  causes  of  fires, 
which  was  undertaken  by  the  Associated  Factory  Mutual  Insurance 
Companies,  was  an  investigation  of  the  fires  caused 
by  lanterns;  and  the  fact  was  disclosed  that  there 
was  a  large  number  of  fires  with  heavy  losses  attrib- 
uted to  broken  lanterns.  This  led  to  an  examination 
of  all  lanterns  in  mill  use,  and  it  was  found  in  everj' 
case  that  the  lanterns  were  badly  made,  liable  to 
njelt  at  the  joints,  and  insufficiently  guarded;  as  a 
result  the  safety  lantern  was  speedily  developed. 

Lanterns  should  be  strongly  constructed  of 
metal  with  proper  guards  to  protect  the  chimney. 
A  common  fault  is  the  remo\'able  bottom  for  filling  Fin. 
which  may  get  loose  and  drop  out.  Numerous 
soKsIted  safety  Untenis  are  on  the  market,  some  of  which  have  given 
good  service,  especially  for  the  watchman's  use.  Numerous  fires  ha\e 
been  caused  by  broken  or  defective  lanterns  and  the  hazard  deserves 
greater  attention  than  it  ordinarily  receives.  Only  approved  lan- 
terns such  as  shown  by  Fig.  283  should  be  allowed. 

Kerosene  Oil  Pressure  Systems.  These  devices  used  to  supply 
kerosene  vapor  lamps  with  oil  under  considerable  pressure  are 
regarded  from  an  insurance  viewTwint  as  much  more  hazardous  than 
ordinary  kerosene  lamps.    WTiere  used,  the  tank  should  be  located 
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outside  of  the  building,  and  the  oil  should  conform  to  the  requirements 
established  bv  law  for  kerosene. 

Summary.  The  following  are  the  most  important  features  gov- 
eming  the  installation  of  all  kerosene  devices.  Supply  tanks  should 
be  located  outside  of  building.  Special  permission  should  be  given 
for  any  inside  installation.  Lamps  should  be  carefuUy  located  three 
feet  or  more  from  combustible  material,  and  not  used  in  the  vicinity 
of  inflanmiable  dust  or  gases.  They  should  be  located  so  that  the 
burners  will  be  thirty  inches  or  more  from  the  ceiling  and  be  pnnided 
with  metal  heat  deflectors  not  less  than  six  inches  in  diameter,  rig[idly 
secured  to  the  frame,  (^aref ul  rules  are  prescribed  for  the  nature  of 
distributing  tubes  and  methods  of  installation.  Only  approved 
devices  should  be  allowed. 

Alcohol  Lighting.  In  the  opinion  of  many  people,  the  alcohol 
lamp  is  much  safer  than  the  kerosene  lamp,  as  burning  alcohol  is 
n»adily  extinguished  by  water  which  mixes  with  it  in  all  proportions. 
Such,  of  course,  is  not  the  case  with  kerosene  as  the  throwing  on  of 
water  only  se^^•es  to  spread  the  fire.  Alcohol  tamps  give  off  much 
less  radiated  heat  than  kerosene  lamps  of  equab candle  power.  The 
principle  on  which  they  opc*rate  consists  in  the  fact  that  the  alcohcd 
may  be  vaporized  and  then  bumedin  the  form  of  gas.  As  the  vapor- 
iziKl  alcohol  burns  with  a  non-luminous  flame,  a  mantle  must  be 
employt»d  and  this  enhances  the  value  of  the  light.  Since  the  advent 
of  tax  frw  or  dciiaturtKl  alcohol,  this  liquid  has  supc^rseded  the  use  of 
ordinary  ethyl  or  grain  alcohol  for  purposes  of  fuel  for  lighting. 
Methyl  or  wocxl  alcohol  should  not  be  useil  for  this  purpose.  It  is 
not  thought  that  the  introduction  of  the  denaturing  ingredients  (10 
parts  methyl  alcohol  and  one-half  part  of  benzine  to  each  IW)  parts 
by  volume  of  ethyl  alcohol)  has  any  material  effect  upon  the  well 
recogniziHl  characttTistic*s  of  ethyl  alcohol.  For  a  full  discussion 
of  the  comparative  hazards  of  volatile  and  inflammpble  liquids  see 
page  503  and  following. 

Typical  Alcohol  Burner.  The  essential  parts  of  a  mantle  alci^ 
hoi  burner  consist  of  a  small  alcohol  reservoir  pump,  the  suction  wick, 
the  alcohol  vaporizing  tubt%  V-shapeil  in  form,  and  the  mantle, 
.lust  below  the  mantle  is  a  small  circular  shai)ed  asl>estos  linc^  o«»|)- 
per  channel,  in  which  a  little  alcohol  must  be  ignited  to  light  the 
lamp.    The  necessary  alcohol  is  supplied  from  the  rese^^•oir  by  nicaiis 
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of  the  pump.  The  burner  Is  shown  !ii  Fig.  284  iiiid  tlie  pump  may  l>i- 
aeen  in  front  of  the  wick.  The  suctian  wick  in  this  lamp  merely 
brings  the  alcohol  by  capillary  attraction  to  the  valor- 
izing chamber  or  tube,  where  it  is  burned  as  gas. 
After  the  first  pre-heating  by  burning  the  small 
amount  of  alcohol,  the  operation  is  automatic.  The 
wick  is  not  consumed  and  does  not  char.  No  free 
carbon  is  deposited  in  the  combustion  of  alcohol, 
which  is  an  important  fact  in  its  superiority  over 
kerosene.  The  lamp  is  lighted  as  follows:  The  vapor 
screw  valve  (shown  at  right  side  in  Fig.  285)  b  opened 
by  unscrewing  it,  and  the  spring  lever  (shown  at  left 
side  in  illustrations)  is  pushed  down  to  operate  the 
pump.  The  alcohol  so  brought  up  to  the  igniting 
*  channel  is  lighted  with  a  match  through  the  small 
'-^^£  opening  above  the  spring  lever. 
Bur^r"  In  about  thirty  seconds  the  heat 
so  produced  vaporizes  the  alcohol 
furnished  by  the  suction  wick.  This  vapor  burns 
as  a  gas,  making  the  mantle  white  hot,  after  which 
the  lamp  bums  automatically. 

Electric  Luting  Systems.  When  properly- 
installed,  statistics  show  that  a  remarkably  small 
percentage  of  fires  is  caused  by  electricity,  and 
electric  hght  is  really  the  safest  illuminant  known. 
All  new  systems,  additions,  and  re^'isions  of  old 
vork  should  be  installed  in  strict  conformity  to 
the  requirements  of  the  National  Electrical  Code,* 
vhich  b  today  almost  universally  used  and  fol- 
lowed in  all  parts  of  the  country.  The  chief  diffi- 
culty comes  in  changes  to  the  equipment  and  abuse  A 
of  the  system  after  it  has  been  installed.  Many 
electrical  fires  are  caused  from  employing  non- 
trained  labor  to  install  temporary  work  and  by       

the    carelessness   of   plumbers,    carpenters,  and  flu.  285.    Aimhoi  i.»mp 


iwuMion  nf  Elnjlricity  a-  a  Csilv  <A  Vm.  nnd  fnr  lhi>  Prcixr  rn^ialla- 
wnI,(h<Ti™WiHir.-tsrmli.>riia-TwhliTV  Ki.iuircm.'iilJ..  Pari- li.iiJa. 
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ntliiT  iiKfliuiiM-  will!  ill  tIiU  way  uftt-ri  undo  iho  work  that  has  Ikvb 

I.n-vi..n,lv  well  iitui  safvly  .1 

htkrmil  ll'iznrih.  'IIrtv  uiv.  howovor,  ivrtaiii  inherent  hazards 
wlik-h  are  itisfpurahle  from  tlu>  nornml  use  u(  electric  systems. 
I^iiips  (if  all  ty|»es  pnnliiw  heal,  jiartu-iilarly  as  thej-  get  old.  An 
iiK-aiiclfxviit  lump  will  rhar  [kijmt  or  cloth  and  has  been  known  to 
iftTiite  wrwid,  'llie  i-li-ctrif  an-  is  one  <if  the  most  intense  sources  of 
lii-at  kniiwti  to  s<-iciii-f.  An  idt'al  lamp  wtiuhl  convert  all  the  energy 
of  the  eUt-trie  i-urrt-nt  into  light  and  waste  none  in  heat.  This 
device  has  not  yet  Ixt-ii  prochiced  and  [)os.-ub]y  never  will  be.  It  il 
ail  inten-siiiin  fact,  however,  that  electric  lamps  produce  less  htat 
ill  imiiKirtion  U<  the  lijiht  given  than  any  other  common  fonD  d 
ilUiininant. 

Olil  Lun)>s  shcnilil  1k>  removcil.  In  all  cases  where  there  is  a 
])<>>->ihility  of  their  conun^  in  contact  with  merchandise,  they  diouU 
In-  pnitwted  with  wire  cages  to  prevent  this  occur- 
n'lK-c.  Where  there  are  infhimmable  gases  or  flying 
material  pre:<ent,  the  lamps  should  be  inclosed  by 
Htioihcr  gloU'.  nn<)  protect«.-d  against  breakage  by  a 
win<  Ixiniict,  as  shown  in  Fig.  286.  Flexible  cords 
should  not  Ih-  hung  on  nulls,  or  on  gas,  water,  m  steam 
|ii]M's,  as  iiisnlations  are  liable  to  become  wom  and 
^llll^l  circnils  result;  also  knots  should  not  l)c  tied 
ill  tlicin. 

I'liiiriiidiihlr  Dtnifiiniii.t  Cimdillom.  There  are  wi- 
wiiurc.i.tiiui.  tain  dangers  arising  fnmi  purely  atvideiitnl  oeciir- 
ri'iii-<-s  whiilniiTiiiot  well  l)i-avoi<hil  liycxct'llciict-of  construction  and 
in-ralliition  or  liy  can-ful  use,  Mwhanical  iiijurj'  to  wires  or  appa- 
r:itu:>  may  n^iiilt  in  daiigcroiis  conditions.  Lightning  may  strike 
outMdi'  lines  and  he  ciiiiilii<-I<-fl  into  the  building;  or  line  vnrcs  ina}' 
l«-cc)i(ic  (Tos-u-il  witli  high  tension  lines,  thus  introducing  voltagm 
nun  li  in  cx(i-.>  of  wliat  tlic  insulation  of  the  iMiuipment  can  take  care 
of.  The  only  ]>n'caiiliiiiis  which  ran  ho  tukcn  arc  ordinary  pnitec- 
tirin  against  inc<-1iariiral  injury,  use  of  lightning  arrcsteRi  and  fuses 
and  .'arc  in  nnniiiig  pole  lines. 

\cetylene  Lighting  Systems.  Cnic'um  Carbide.  By  heating  a 
niixturc  of  jKiwdi-rcd  coke  am!  limestone  in  an  eWtric  furnace  at  a 
liigli  tiinpiTaturc,  caliiiun  (.arbidc  is  formed.    When  treated  with 
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er  this  is  decomposed  with  formation  of  acetylene  gas.  Calcium 
i>ide  was  first  prepared  on  a  commercial  scale  in  1892.  Acetylene 
^  as  such,  was  known  and  prepared  in  another  manner  in  1836. 
dum  carbide  is  in  itself  non-explosive  and  non-inflammable;  but 
ng  to  its  peculiar  properties  when  brought  into  contact  with 
er  or  dampness,  it  is  a  somewhat  hazardous  material,  and  the 
owing  rules  which  have  been  made  governing  its  handling  and 
•age,  should  be  strictly  observed. 

Calcium  carbide  in  quantities  not  to  exceed  six  hundred  (600) 
nds  may  be  stored,  when  contained  in  approved  metal  packages 

to  exceed  one  hundred  pounds  each,  inside  insured  property, 
vided  that  the  place  of  storage  be  dry,  waterproof,  and  well  ven- 
ted; and  also  provided  that  all  but  one  of  the  packages  in  any  one 
Iding  shall  be  sealed  and  the  seals  shall  not  be  broken  so  long  as 
re  is  carbide  in  excess  of  one  pound  in  any  other  unsealed  pack- 
s  in  the  building.  Conditions  governing  storage  of  greater  quan- 
es,  specific  details  of  container,  etc.,  are  given  in  the  Rules  and 
juirements  on  this  subject. 

Calcium  carbide  in  quantities  in  excess  of  six  hundred  (600) 
inds  may  be  stored  above  ground  in  detached  buildings  used 
lufflvely  for  the  storage  of  calcium  carbide,  in  approved  metal 
kages,  and  such  buildings  must  be  constructed  dry,  waterproof, 
I  well  ventilated. 

Packages  to  be  approved  must  be  made  of  metal  of  sufficient 
mgth  to  insure  handling  the  package  without  rupture,  and  be 
vided  with  a  screwed  top  or  its  equivalent.  They  must  be  con- 
icted  so  as  to  be  water-  and  air-tight  without  the  use  of  solder,  and 
spicuously  marked  "CALCimi  CARBIDE— DANGEROUS  IF 
T  KEPT  DRY." 

Carbide  and  Water.  When  water  and  calcium  carbide  are 
ught  together,  sixty-four  parts  of  calcium  carbide  and  thirty-six 
Is  of  water  mutually  decompose,  evolving  twenty-six  parts  of 
fcylene  and  seventy-four  parts  of  sludge,  or  slaked  lime.  A  pound 
commercial  carbide  fields  about  five  cubic  feet  of  gas.  As 
siderable  heat  is  generated  in  this  reaction,  it  is  highly  desirable 
lave  the  water  greatly  in  excess  of  the  theoretical  quantity  needed, 
icetj'lene  tends  to  change  under  heat  and  polymerize  into  other 
lesirable  compounds;  the  ease  of  removing  sludge  is  also  enhanced. 
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Arrti/lene  (uus.  Acetylene  has  a  ckaraeterLstie  odor  (rf  ga& 
and  l)uriis  with  a  fine  white  flame.  It  is  highly  explosive  when  mixed 
with  i\\v  ri^ht  proportion  of  air.  Scientific  investigators  have  found 
the  ex})losion  to  l>e  most  violent  in  a  mixture  of  about  nine  parts  of 
air  and  one  part  of  gas,  ^ith  an  explosive  range  from  three  per  cent 
to  eighty-two  per  cent  of  acetylene  in  mixture  with  air.  Experiments 
conducted  under  normal  and  practical  conditions  of  use  showed  the 
ranjre  to  be  from  three  per  cent  to  about  thirty-three  per  cent,  the 
most  violent  niLxture  consisting  of  twelve  parts  of  air  and  one  of  gas. 
The  maximum  amount  of  gas  which  will  form  an  explosive  mature 
is  of  little  importance,  and  the  total  explosive  range  in  considering 
any  gas,  is  likely  to  be  misleading.  Acetylene  gas  is  lighter  than  air, 
its  spirific  gravity  being  0.898.  Owing  to  the  pungent  odor  of  acety- 
lene, it  can  very  readily  be  detected  before  there  is  a  sufficient  amount 
in  a  room  to  form  an  explosive  mixture,  and  physical  discomfort  will 
l>e  experienced  both  before  an  explosive  mixture  or  a  poisonous  mix- 
ture has  been  reached.     In  this  respect,  it  is  much  superior  to  city  gas. 

Acetylene  Appuratus,  Acetylene  apparatus  is  now  almost  uni- 
versally ma<le  under  the  strict  sur\-eillance  of  the  Laborat(»ies,  and 
only  approved  maehines  should  ever  l>e  permitted  for  use,  if  not  m 
violation  of  any  state  law  or  local  ordinance,  and  if  the  conoipany 
Insuring  the  property  consents  to  the  same  in  ^Titing  on  its  policj*. 
Where  us(mI,  care  should  be  taken  to  see  that  these  machines  are 
installed  throuirhout  in  ac»eordanc*e  with  the  Rules  and  Requirements. 
Aeetylent*  ^^as  maehines,  especially  in  closely  built-up  districts, 
should  Ix*  installed  outside  of  buildings  in  properly  constructed 
jienerator  houses.  The  installation  of  acetylene  gas  machines  inade 
of  hulKlini^s  is  prohibitcMl  in  certain  districts  by  legal  authorities.  It 
niiirlit  be  adiknl  that  the  experience  of  unden^riters  throughout  the 
United  States  with  mo<lem  and  permitted  acetylene  instaUations 
has  been  at  least  as  favorable  as  that  with  the  form  of  illuminant 
wliieh  they  liave  replacvd.  The  only  territory  where  the  Unde^ 
writers  having  jurisdiction  do  not  now  allow  installations  within  the 
building  is  Xew  Kn^land  and  the  southeastern  states. 

Acrfj/Irnr  Grneminrs.  Tlie  function  of  an  acetylene  generator 
is  a  comparatively  sinii)le  one.  It  provides  for  the  bringing  together 
of  the  water  and  tlie  carbide,  washing  and  filtering  the  gas,  storing 
it  to  a  certain  extent,  and  delivering  it  under  a  small  pressure  to  the 
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service  pipe  for  distribution.  Acetylene  generators  are  divided  into 
two  general  classes,  automatic  and  non-automatic.  In  the  auto- 
matic machine  the  gas  is  generated  as  it  is  used,  the  quantity,  gen- 
erated being  automatically  governed  by  the  rate  of  consumption.  In 
the  non-automatic  machine  a  dejQnite  quantity  of  gas  is  generated 
at  a  fixed  rate  and  stored.  The  former  type  is  used  for  all  small 
installations  such  as  house  lighting  plants.  The  latter  t^'pe  is  used 
for  large  plants,  such  as  village  lighting  systems.  In  this  discussion 
we  are  interested  chiefly  in  the  automatic  generator  as  a  private 
lighting  plant  for  the  country  home. 

Features  of  Design.  The  most  important  featiu^  to  be  consid- 
ered in  the  design  of  an  acetylene  generator  is  that  of  cool  generation. 
When  the  carbide  and  water  unite  to  form  gas,  violent  chemical  action 
occurs  with  the  liberation  of  large  quantities  of  heat.  If  this  heat  be 
localized,  dangerous  temperature  rise  is  liable  to  occur.  The  car- 
bide in  such  a  type  of  generator  would  not  give  its  full  quota  of  gas 
and  the  btuners  would  soon  clog  up,  due  to  its  impure  quality.  When 
water  is  fed  into  the  carbide  it  is  evident  that  there  will  be  more  or 
less  localization  of  heat,  with  consequent  heat  generation.  Hence 
the  most  rational  method  would  be  to  feed  carbide  in  small,  well 
regulated  quantities  into  a  large  body  of  water,  where  the  heat  would 
be  quickly  transferred  and  dissipated.  The  water  to  carbide  feed 
type  of  generator,  designated  as  the  "water  feed"  generator,  is  rapidly 
disappearing  from  the  market,  and  the  carbide  to  water  or  "carbide 
feed"  generator  is  now  almost  universally  used. 

Classes  of  Generators.  The  carbide  feed  generators  are  divided 
into  the  following  classes:  (1)  the  "direct  feed,"  feeding  the  carbide 
by  gravity  into  the  water  by  opening  the  feed  valve  which  is  operated 
directly  by  the  gas  holder  bell;  (2)  the  "indirect  feed,"  the  gas  holder 
bell  operating  a  feeding  mechanism  which  carries  the  carbide  forward 
to  the  feed  point  where  it  falls  into  the  water;  (3)  the  "independent 
feed,"  the  feed  valve  being  operated  by  a  clocki^'ork  or  motor 
mechanism  controlled  by  the  gas  holder  bell;  (4)  the  "indirect  inde- 
pendent feed," — a  motor  or  clockwork  being  controlled  by  the  gas 
bolder  bell  operating  a  feed  mechanism  which  carries  the  carbide 
forward  to  the  feed  point. 

Essential  Parts.  The  acetylene  gas  machine  consists  of  two 
essential  parts, — ^the  generator  proper  and  the  gas  holder,  or  gasom- 
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eter,  as  it  is  often  called.  The  gasometer  by  the  rise  and  fall  of  its 
gas  1x41  regulates  the  cjuantity  of  gas  generated  and  also  serves  as  a 
pressure  iKiualizer,  supplying  the  gas  to  the  mains  at  a  constant  uni- 
form pressure. 

Typical  Carbide  Feed  Machine.  A  typical  carbide  feed  machine 
is  showTi  in  Fig.  287.  The  carbide  is  fed  from  hopper  Q  into  the  body 
of  water  G.    Gas  is  generated  and  passes  out  into  the  water  seal  E. 


Fit;.  2S7.     Dctuild  of  Typical  Acetylene  Generator 


This  chambtT  is  partially  filled  with  water.  From  E  the  gas 
through  the  pipe  P,  into  the  gasometer.  The  gasometer  bell 
closed  at  the  top  and  open  at  the  bottom.  It  rests  in  the  body 
w^ater  whose  surface  is  at  IT.  As  gas  enters,  the  bell  rises,  thus 
ing  as  a  storage  tank  for  the  gas.  The  telescopic  action  of  the 
is  guided  by  the  nxls  //.  The  gas  bell  supplies  gas  at  a  virtually 
slant  pressure  through  pipe  P  and  filter  F  to  service  main  at 
^^^len  the  bell  rises  to  a  certain  height,  it  stops  the  weight  mo 
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and  hence  carbide  feed.  When  the  bell  drops  below  this  point,  car- 
bide is  again  fed  into  the  water  until  the  bell  rises  above  this  point. 
The  chamber  C  is  of  course  filled  with  water  to  the  same  height  as 
the  water  in  E.  Hence  any  undue  pressure  in  gas  bell  will  cause  gas 
to  bubble  through  open  connection  at  L  into  chamber  C.  If  the  gas 
bell  should  accidentally  rise  too  high,  due  to  a  fault  in  the  mechanism 
or  undue  after  generation,  the  gas  will  enter  telescopic  tube  at  R  and 
escape  through  L  into  C.  The  chamber  C  is  connected  with  the  open 
air  by  the  escape  pipe  S.  The  by-pass  valve  /  is  used  when  it  becomes 
necessary  to  empty  gas  bell  for  cleaning  or  repairs.  The  generator 
is  cleaned  by  agitating  the  contents  of  G  with  the  mixer  A,  The  mix- 
ture of  slaked  Ume  and  water  is  then  drawTi  off  from  the  sludge-cock 
A'^.  The  handle  A  is  water-sealed  as  shown,  to  prevent  the  escape 
of  gas  around  same. 

Portable  Table  Lamps.  Class  D.  Only  approved  lamps  should 
be  allowed.  This  form  of  Ughtin  has  not  been  exploited  to  any 
extent. 

Every  owTier  of  an  acetylene  generating  system  should  be  pre- 
sented with  the  following  facts,  and  pains  should  be  taken  to  see  that 

he  is  duly  impressed. 

CAUTIONS* 

1,  Calcium  carbide  should  be  kept  in  water-tight  metal  cans,  by 
itself,  outside  of  any  insured  building,  under  lock  and  key,  and  where 
it  is  not  exposed  to  the  weather, 

2.  A  regular  time  shotdd  be  set  for  attending  to  and  charging  the 
apparatus  during  daylight  hours  only, 

5.  In  charging  the  generator  chambers  of  water-feed  machines, 
^f^4in  all  residuum  carefully  from  the  containers  and  remove  it  at  once 
J^r-om  the  building.  Separate  from  the  mass  any  unslaked  carbide 
Remaining  and  return  it  to  the  container,  adding  new  carbide  as  required. 
^c  careful  never  to  Jill  the  container  oner  the  si)ecified  mark,  as  it  is 
'^'^^jtortant  to  allow  for  the  swelling  of  the  carbide  when  it  comes  in  con- 
^€yi  voiih  waier.  The  proper  action  and  economy  of  the  machine  are 
^^Z^ndent  on  the  arrangement  and  amount  of  carbide  placed  in  the 
^^Twerator.     Carefully  guard  against  the  escape  of  gas. 

4-  Whenever  recharging  with  carbide  always  replenish  the  water 

*FmUure  to  obacrvo  Uic  above  eatttions  Ls  liablo  to  endanger  life  and  property. 
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5.  Never  depont  residuum  or  exhausted  material  from  water-feed 
machines  in  sewer  pipes  nor  near  inflammable  material. 

6.  Water  tanks  and  water  seals  must  always  be  kept  filled  wUk 
clean  water. 

7.  Neter  install  more  than  the  equitalerd  of  the  number  cf  half- 
foot  burners  for  which  the  machine  is  rated. 

8.  Neter  test  the  generator  or  piping  for  leaks  with  a  flame,  and 
never  apply  flame  to  an  outlet  from  which  the  burner  has  been  removed. 

9.  Xerer  use  a  lighted  match,  lamp,  candle,  lantern,  or  any  open 
light  near  the  machine, 

10.  See  that  the  entire  installation  is  in  accordance  unih  the  rules  of 
the  National  Board  of  Fire  Underwriters,  a  copy  of  which  trifl  be 
furnished  by  your  insurance  agent;  and  obtain  from  your  contractor  a 
written  guarantee  that  these  rules  are  complied  with. 

Dissolved  Acetylene.    AMicn  acetylene  is  compressed  and  forced 
into  a  tank  filled  with  some  porous  material  saturated  with  some 
liquid  such  as  **acetone,"  it  seems  to  lose  the  explosive  properties 
that  it  ordinarily  possesses  when  under  pressure.    Acetone  dissolves 
twenty-four  times  its  own  bulk  of  the  gas  at  ordinary'  temperature  and 
pressure,  and  the  quantity  dissolved  increases  directly  with  the  pres- 
sure applied.     As  the  pressure  is  released,  the  gas  escapes  and  is 
delivered  cool  and  drv  to  the  burners.     Dissolved  acetvlene  finds  its 
application  with  yachts,  motor  cars,  railway  headlights,  and  rail- 
way car  lighting.     For  ordinary  house  lighting,  it  is  entirely  out  oC 
the  question;  acetylene  can  be  provided  for  stationary  purposes  b^-r 
generators  so  much  more  economically  that  dissolved  acetylene  finA..^ 
no  aj)plication  here. 

Prest-0-Lite.  The  well-known  Prest-0-Lite  tanks  are  coA^< 
drawn  seamless  steel  cylinders,  without  lining,  coppered  or  nickelt^^H 
for  outside  finish,  with  valve  and  stop  cock  at  one  end  and  a  fusib^l 
plug  at  the  other.  The  purpose  of  the  plug  is  to  allow  the  gas  "t:- 
escape  and  flow,  in  event  of  a  fire.  Tanks  are  subjected  to  a  t(^^^ 
pressure  of  500  pounds  and  then  filled  with  asbestos.  The  acetc^M:^* 
is  then  put  in,  until  the  asbestos  has  absorbed  all  it  will;  and  last  ^^ 
all,  the  acetylene  gas  is  forced  in  under  about  225  pounds  pressci^r^ 
and  absorbed  bv  the  acetone. 

The  description  above  applies  only  to  tanks,  the  serial  numben^' 
of  which  are  40,000  and  up.     Serial  numbers  below  40,000  are  mad*' 


482 


COMMON  AND   SPECIAL   HAZARDS  423 

with  wick  packing  and  are  not  explosion-proof,  due  to  the  fact  that 
the  packing  is  generally  not  well  put  in,  and  thus  leaves  small  spaces 
of  gas  that  are  explosive.  The  hazard  is  practically  nil  from  those 
tanks  bearing  serial  numbers  from  40,000  up. 

The  handling  of  empty  tanks,  however,  introduces  an  explosive 
hazard.  Frequently  tanks  are  returned  by  the  user  with  small  quan- 
tities of  gas  remaining  in  them;  and  if  the  valves  are  not  tiglitly 
closed,  the  gas  will  escape,  forming  pockets  in  the  atmosphere.  These 
pockets  will  absorb  enough  atmosphere  to  make  them  highly  explo- 
ave,  and  the  presence  of  a  spark  is  all  that  is  required  to  set  them  ofT. 

Liquid  Acetylene.  Under  compression  acetylene  becomes  most 
hazardous,  increasing  with  the  pressure  to  the  point  of  liquefaction. 
At  a  temperature  of  68°  Fahrenheit  and  about  597  pounds  per  square 
inch  pressure,  acetylene  may  be  liquefied.  This  liquid  is  of  a  violent 
explosive  nature  and  does  away  with  all  thought  of  storing  the  gas 
by  this  means.  No  one  has  ever  succeeded  in  getting  an  explosion 
from  pure  acetylene  gas  at  a  pressure  under  one  atmosphere.  Since 
the  ordinary  pressure  of  the  gas  under  service  is  but  a  few  ounces  at 
most,  it  is  evident  that  there. is  absolutely  no  danger  to  be  appre- 
hended from  this  source  unless  it  is  mixed  with  the  necessary 
amount  of  air. 

The  use  of  liquid  acetylene  is  not  permitted  under  any  conditions 
granted  by  underwriters,  and  is  prohibited  by  law  in  many  places. 

Gasoline  Lighting.  The  classifications  given  in  the  Rules  and 
Requirements  for  the  Construction,  Installation,  and  Use  of  Gaso- 
line Vapor  Gas  Lighting  Machines,  Lamps,  and  Systems  are  as 
follows: 

Class  A — Machmes  having  outside  carbureters. 
Class  B — Machines  having  inside  carbureters. 
Class  C — Systems  having  outside  tanks  and  inside  flame- 
heated  generators. 
Class  D — Gasoline  vapor  lamps. 
Class  E — Especially  hazardous  systems. 

Class  A  and  C  systems  are  those  which  arc  most  commonly  met 
in  service  today. 

No  specific  record  of  fires  due  to  gasolint*  li<;hting  systems  is 
available.  General  impressions  in  insurance  circles  are  that  the 
record  has  not  been  a  bad  one.     There  have  undoubtedly  been  a 
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great  many  fires  due  chiefly  to  the  handling  of  gasoline;  but  when  it 
b  considered  that  other  illuminants  which  are  supplanted  by  gaao- 


Fic.  2S8.    CuoUnc  CubuKtci — Scclion  Claa  A 

line  de%'ices  have  their  own  peculiar  hazards,  the  record  has  not  bten 
sufSciently  bad  to  cause  any  general  apprehendon  of  danger.* 

Clou  A  Syaiem.  A  section  of  the  carbureter  used  in  this  system 
is  shown  in  detail  in  Fig.  28$  and  a  plan  is  shown  in  I'lg.  289.  lite 
carbureter  is  located  outside  and  underground.  The  machine  shown 
is  constructed  in  three  layers,  which  are  in  effect  separate  carburetos 


arranged  in  series.     Most  carbureters  arc  probably  of  the  one-cell 
tjpe,  altliough  in  some  iiistiiiices  iniicliiitcs  arc  made  with  as  many 

•The  author  is  gmliy  indcblwJ  lo  the  inv™iimfion«  of  Mr.  H.  M.  Fontor,  on  GuoIi» 
Liihlini  Symcmi'.  the  rcnilU  of  which  wem  pubJLgh«d  in  u  Quartvrly  of  the  NXioul  Fire  I^o- 
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as  four  of  these  sections.  In  each  there  are  usually  metal  or  wooden 
frames  supporting  canton  flannel,  canvas,  burlap,  or  similar  material, 
on  to  which  gasoline  is  drawn  by  capillary  action  from  the  supply 
which  lies  upon  the  bottom  of  each  section  or  layer.  Fig.  289  has  had 
the  top  cut  away,  partly  to  show  spiral  partitions  (A  in  each  view) 
through  the  use  of  which  a  large  amount  of  gasoline  surface  and 
many  fabric  areas  (one  shown  as  B  in  each  view)  are  exposed  to  the 
air  passing  through  the  carbureter.    This  air  under  moderate  pres- 


Fig.  290.     Dotaila  of  a  Gaaolinc  Mixer 

sure  enters  the  lower  compartment  through  the  pipe  (\  passes  spirally 
over  the  gasoline  surface  and  through  the  saturated  fabric,  then 
upward  into  the  next  section,  as  shown  by  arrow,  through  this  one 
and  finally  emerges  from  the  top  of  the  upper  cell  at  the  point  D, 
heavily  charged  with  gasoline  vapors.  E  is  the  concentric  fill  and 
vent  pipe.  As  in  filling,  gasoline  passes  down  througli  the  inner  pipe, 
the  gas  which  is  driven  out  by  the  fresh  gasoline  leaves  the  carbureter 
through  the  annular  space  between  the  two  pipes.  Of  course  the 
carbureter  must  be  shut  down  to  permit  refilling.    The  transfer 
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valves  F  are  controlled  by  rods  G  which  extend  to  the  ground  le\-el. 
They  are  protected  by  pipes. 

The  Uower  is  usually  operated  by  a  weight  or  by  a  water-wheel. 
Tlie  ordiiiaiy  blower  consists  merely  of  a  drum  revolving  in  a  snugly 
Bttiiig  cylinder  which  is  partly  filled  with  water;  and  it  compresses 
the  air  to  a  moderate  pressure,  such  as  two  to  three  inches  of  water- 
gauge.     It  supplies  air  only  as  rapidly  as  the  system  requires  it. 

The  mixer,  details  of  a  well-known  one  being  shown  in  Fig.  290,  b 
simple  in  operation.  The  float  .1  is  a  cylinder  of  light  weight  metal 
entirely  sealed  as  far  as  joints  are  concerned.  It  is  practically  bal- 
anced by  the  weight  B  operating  on  the  other  end  of  the  lever  arm 
C  which  rests  upon  a  knife  edge.  D  is  the  point  at  which  the  rich 
gas  enters  from  the  carbureter.    The  float  A  is  lifted  by  this  heavy 
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gas  wlitth  has  a  greater  gravity  than  the  air;  and  as  it  rises,  the  air 
port  E  is  opened,  admitting  air  from  the  blower,  reducing  the  ri(^  -Well- 
ness of  the  mixture  and  gradually  restoring  a  balance  which  resit ^ts 

in  the  fall  of  the  weight  and  the  closing  of  the  air  port.     At  the  po'^^-^i"* 
F  a  cap  nia\-  be  unsca'wed  and  small  rider  weights  placed  upon        -•  •"' 
taken  from  the  pin  C.     Through  increasing  or  reducing  the  numP  .^htT 
of  weights,  delicate  adjustments  in  gas  pressure  are  obtained.     "^^J/'e 
observation  port  //  enables  one  to  \iew  the  operation  of  the  air  vai.^Wi*e. 
The  whole  apparatus  is  in  a  heavy  cast-iron  box  without  gas  op   -  ^'i- 
ings  other  than  the  small  one  G,  which  is  only  opened  at  inter^^^^^/* 
Furthermore,  the  actual  orifice  at  this  point  is  very  small,    t^-^e 
mixed  gas  lea\es  the  device  at  J . 
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Fig.  291  illustrates  a,  complete  installation,  giving  the  relative 
locations  of  the  various  parts  of  the  equipment  andj  showing  the  pipe 
arrangement.  Here  the  flash-back  arrester  K  is  shown  between  the 
mixer  and  the  service  connection.  The  arrester  consists  of  a  flanged 
fitting  containing  one  or  more  layers  of  fine  mesh  brass  gauze.  The 
Underwriters'  Rules  specify  that  this  shall  be  not  less  than  twenty 
mesh  per  inch;  but  usually  several  layers  of  a  coarser  gauze  are  used 
in  preference  to  one  layer  of  a  finer  mesh.  The  theory  of  the  arrester 
is  that  any  flash-back  in  the  piping  would  be  prevented  from  enter- 
ing the  mixer  or  carbureter  where  larger  gas  volumes  are  present. 
The  gas  in  the  ordinary  Class  A  system  is  probably  explosive;  that  is, 
it  would  be  so  in  a  large  volume  but  not  necessarily  so  in  small  pipes 
which  have  a  large  cooling  surface  in  proportion  to  their  contents. 

The  hazards  of  Class  A  systems  may  be  stated  as  follows:  These 
machines,  which  do  not  introduce  liquid  gasoline  into  the  building, 
are  regarded  from  an  insurance  viewpoint  as  constituting  the  least 
dangerous  type  of  gasoline  gas  machines.  It  was  at  one  time  cus- 
tomary to  place  carbureters  in  brick  vaults.  Any  gasoline  leaks  or 
overflow  resulted  in  gas  accumulating  at  the  bottoms  of  pits,  and 
several  prions  accidents  resulted  when  this  ignited.  Nowadays 
carbureters  are  well  painted  and  buried.  This  is  obviously  the 
safest  method. 

Piping  conveying  gas  from  the  carbureter  to  the  building,  as 
well  as  air  from  the  blower  to  the  carbureter,  is  required  to  slope  one 
inch  in  ten  feet  from  the  building  wall  toward  the  carbureter  itself. 
The  purpose  of  this  is  to  permit  any  gasoline  which  may  be  precipi- 
tated out  of  the  gas  to  drain  away  from  the  building  back  into  the 
carbureter. 

Gas  and  air  piping  between  carbureter  and  building  must  reach 
a  greater  altitude  in  the  building  than  the  top  of  the  fill-pipe  outside; 
so  that  gasoline  could  under  no  conditions  be  forced  into  the  build- 
ing by  gravity  which  might  be  brought  about  by  the  carbureter  being 
overfilled  or  slight  head  placed  on  the  same  by  the  gasoline  tank 
wagon  or  barrels  used  to  replenish  the  supply.  In  Fig.  291  the  arrange- 
ment is  clearly  shown.  The  rule  was  incorporated  only  after  acci- 
dents had  occiured  due  to  the  gravity  feed  of  gasoline  into  buildings. 
The  flash  arrester,  shown  in  the  service  pipe  near  the  mixer  in  Fig. 
291,  is  needed  for  reasons  noted  previously. 
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Class  B  System.  This  system  has  a  small  mside  carbureter 
consisting  usually  of  steam  coils  on  to  which  gasoline  is  sprayed,  but 
an  outside  underground  storage  tank.  Gasoline  is  pumped  up  to  the 
carbureter  by  various  mechanical  means,  and  the  excess  in  each  case 
is  returned  by  gravity  to  the  storage  tank.    Power-driven  blowers 

are  generally  employed,  and  the  ratio  of 
air  to  gasoline  pumped  can  be  soad  justed 
that  the  richness  of  the  gas  will  be  uni- 
form. These  machines  are  used  largely 
for  power  gas  development  and  are  met 
but  infrequently  in  the  field.  Several 
serious  fires  are  attributed  to  improp- 
erly designed  fuel  gasoline  gas  instal- 
lations. 

The  hazards  of  Class  B  systthis  may 
be  stated  as  foUo^'s:  These  machines 
are  regarded  from  an  insurance  view 
point  as  more  dangerous  than  those  hav- 
ing outside  carbureters,  owing  to  the 
fact  that  they  introduce  gasoline  inliquid 
form  and  manufacture  gas  inside  the 
building.  The  same  general  rules  as  in 
Class  A  apply;  and,  in  addition,  ample 
return  pipe  is  needed  to  csLTry  excess 

Fig.  2y2.     Gttsolinc  Tank— Cliws  C  T«Ul*4.Ui.  x*l  T 

gasohnc  back  to  the  storage  tank.  In 
this  case  a  one-inch  pitch  in  five  feet  is  prescribed  by  the  Rules.  The 
carbureter  gasoline  capacity  is  limited  to  one  quart,  and  fire  heat 
is  not  allowed  for  vaporizing  purposes;  hence,  a  carbureter  of  this 
type  is  mildly  hazardous. 

Class  C  Systems,  There  are  two  divisions  to  this  classification; 
the  first  is  the  individual,  and  the  second  the  common  generator  t>'pe. 
Both,  however,  depend  upon  a  supply  tank,  and  such  a  one  is  shown 
ill  Fig.  292.  The  shell  .1  is  of  galvanized  steel  or  of  copper,  and  of 
sufficient  strength  to  withstand  the  one-hundred-pound  five-minute 
test  which  is  set  forth  in  the  Undenvriters*  Rules.  The  gasoline 
capacity  must  not  exceed  six  gallons,  this  being  determined  by  the 
location  of  the  end  of  the  seal  tube  B  through  which  the  gasoline  is 
poured.    The  fill  cap  C  is  normally  combined  with  an  air  inlet  valve 
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D.  After  C  is  screwed  down,  a  foot  pump  is  attached  to  D  and  an 
air  pressure  of  from  fifteen  to  forty  pounds  placed  on  the  tank.  The 
gasoline  leaves  the  tank  through  the  tube  £  and  is  controlled  by  the 
valve  F. 

The  working  pressure  which  has  been  advocated  as  most  effective 
is  from  six  to  forty  pounds.  The  Underwriters'  Rules  place  the  limit 
at  fifty  pounds  and  the  pressure 
gauge  G  is  required.  The  larger 
the  total  capacity  of  the  tank,  the 
slower  the  drop  in  pressure,  and 
some  manufacturers  make  the  air 
capacity  of  the  tank  when  full, 
about  equal  to  the  gasoline  con- 
tained. Others  economize  on  tank 
size  and  cut  down  the  air  space. 
Such  a  system  requires  more  fre- 
quent pumpmg  up  to  maintain  an 
effective  pressure. 

The  standard  indimdual  gen- 
erator lamp  is  shown  in  sectional  j— 
view  in  Fig.  293.  The  arrows 
show  the  path  of  the  gasoline  and 
the  gas.  Two  tubes,  A  and  B,  are 
useless  from  an  operating  stand- 
point and  are  stopped  off  at 
one  end.  They  are  used  to  add  '«■  ^^-  '"'"''Ldu J  G.««tor  Um,^i«.  c 
strength  and  sj-mmetry  to  the  appearance.  The  connection  C  at  the 
top  is  attached  to  a  hollow  wire  feeder,  and  gasoUne  passes  through  the 
tube  D  to  control  valve  E,  This,  m  the  lamp  shown,  acts  both  as  a 
regulating  and  as  a  shut-off  valve;  but  often  two  separate  valves  are 
provided.  The  generator  tube  F  is  filled  with  brass  gauze  or  asbestos 
wicking  to  assist  in  holding  beat;  and  as  the  gasoline  passes  through 
this  tube,  the  intense  heat  from  the  mantle  immediately  below 
causes  it  to  issue  from  the  small  orifice  G  in  the  form  of  vapor.  The 
injector  action  of  this  spray  draws  air  in  through  the  air  inlet  sleeve 
//  and  the  mixture  passes  down  gas  tube  J  to  the  mantle  K.  Z  is  a 
heat  deflector.  To  start  a  lamp  of  this  kind  an  alcohol  heater,  con- 
sisting usually  of  an  asbestos  pad,  is  placed  immediately  below  the 
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generator  tube;  and  wh^n  this  has  become  sxiffidently  heftted,  gaso- 
line is  slirtvly  turned  on,  gas  over  mantles  usually  igniting  from  the 
burning  alcohol.  The  lighting  time  required  is  not  great;  perhaps 
a  minute  being  the  a^■e^age. 

A  typical  common  generator  is  shown  in  Fig.  2&1.    Gasoline  enteis 
at  A,  passes  through  the  filter  B,  b  turned  on  or  off  by  shut-off  vai\e        I 
C,  and  then  enters  the  generator  chamber  D.    The  alcohol  cup  £  is        1 
used  to  heat  the  generator,  after  whidi  needle  valve  F  is  opened         1 
slowly.    The  spray  of  gasoline  vapor  issues  from  tip  G,  draws  air         1 
through  pipe  H,  the  mixture 
is  made  in  the  mixing  tube  /  ^v- 
and  the  finished  gas  passe^^ 
into  the  piping  of  the s>steti.  _ i 

which  screws  into  fitting  A 

I  As  soon  as  gas  is  being  genei   -m- 

ated,  valve  L  is  opened  an^^Md 
gas  taken  through  the  tube  JB^M 

H'  ~  to  sub-flame  JV.    This  is  usl^^^u- 

ally  a  slotted  burner  sinulix  Mint 
to  one  used  on  gas  stove^^^-es, 
^  n  and  surrounds  the  generatiz:»*.:2or. 

=^^=j  The  deflector  shield  P  hel  -«"— Ips 
drive  heat  against  the  gen^ .«— ler- 
ator  D.    With  this  sj-stenranan  a 
Fig-m.    Co,um..  GoL.«r-ci«.  c         smaU  amount  of  the  gas  HM^^e 
is  used  to  maintain  gene:-;^^rera- 
tion.     In  the  case  of  the  individual  generator  lamps,  the  heati*"-tof 
the  mantle  is  utilized;  but  with  a  common  generator  system  thi=  ^  is  is 
obviously  not  possible. 

The  air  intake  pipe  II  must  be  carried  to  the  outside  of 
building  with  proper  pitch  and  be  screened  so  that  any  liquid 
line  which  maj'  issue  from  the  needle  tip  G  will  be  automatically 
ducted  from  building.    This  can,  of  course,  happen  under  cei 
conditions,  but  the  occurrence  is  infrequent.     The  entire  genera 
must  be  enclosed  in  a  double  metal  case  having  at  least  one-inch 
space  between  the  walls,  and  there  must  be  a  tight  door  with  a  lat^ci. 
Furthermore,  the  generator  must  be  placed  at  least  a  foot  from  com- 
bustible material,  such  as  shelves  or  counters. 
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Distributing  tubes  are  supplied  in  the  form  of  hollow  wires  to 
conduct  gasoline  from  the  supply  tank  outside  of  the  building  to  all 
of  the  individual  generator  lamps,  as  well  as  to  the  common  generator 
of  a  system.  These  wires  are  seamless  copper  or  brass  with  an  inside 
diameter  from  three-thirty-seconds  to  one-eighth  inch,  and  of  suflS- 
cient  thickness  to  withstand  all  operating  conditions.  As  a  matter 
of  fact  some  successfully  pass  a  one-thousand-pound-per-square-inch 
test.  They  must  be  supported  at  interv^als  not  greater  than  six  feet, 
protected  where  passing  through  floors  or  on  side  walls,  and  not  used 
to  support  lamps.  The  joints  are  made  with  ground  seated  unions 
or  brazed.  A  fifty-pound  pressure  test  is  required  for  the  completed 
installation. 

Distributing  tubes  used  with  common  generator  systems  are 
usually  two  inches  in  diameter  and  made  of  sheet  metal  with  sol- 
dered, locked,  longitudinal  seams.  Brass  or  wrought  iron  is  per- 
mitted, but  infrequently  used,  because  of  the  greater  cost.  Brass 
fittings  between  sections  are  required,  slip  joints  not  being  per- 
mitted. 

The  hazards  of  Class  C  systems  may  be  stated  as  follows:  These 
systems  are  regarded  from  an  insurance  viewpoint  as  more  hazard- 
ous than  the  systems  in  Class  A  or  Class  5,  owing  to  the  fact  that 
they  introduce  gasoline  in  liquid  form  into  the  building  and  are  pro- 
\*ided  with  flame-heated  generators.  Particular  attention  is  called 
to  the  rule  requiring  all  tanks  used  in  connection  with  these  systems 
to  be  installed  outside  of  the  building.  Outside  supply  tank  and 
storage  of  gasoline  is  essential. 

Installation  of  lamps  in  places  where  inflammable  material  exists 
immediately  below  them  is  dangerous;  and  lamps  should  in  all  cases 
be  placed  above  unoccupied  sections  of  floor,  so  that  a  drop  or  two 
of  burning  gasoline  or  alcohol  could  not  readily  start  fire.  Individual 
generator  lamps  should  under  no  conditions  be  hung  directly  upon 
the  hollow  wires.  This  is  a  practice  which  is  found  very  frequently 
m  the  field.  The  effect  on  the  thin  copper  or  brass  wire,  owing  to  the 
weight  of  the  lamp,  and  to  the  vibration  which  usually  exists  with 
systems  of  this  kind,  is  decidedly  bad.  Ceiling  plates  and  rods  or 
chains  to  carry  the  lamp,  independently  of  the  wire,  are  required  by 
the  Rules  and  should  be  installed.  Proper  joints  in  hollow  wires,  as 
well  as  supports  and  protection  for  the  same^  are  essential.    The 
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fifty-pound  pressure  test  of  the  completed  individual  generator  sy^ 
tern  is  important  in  that  it  will  show  up  any  existing  leaks. 

Common  generator  cases,  although  made  with  double  walls  hav- 
ing air  space,  should  be  placed  as  far  from  combustible  material  as 
possible.  The  Rules  specify  that  a  clear  space  between  floor  and  ceil- 
ing shall  be  maintained,  and  that  no  combustible  material  shaD  be 
brought  closer  than  one  foot  on  either  side. 

Outside  sloping  air  intake  pipes  for  comimon  generators  are  needed 
to  carr\'  raw  gasoline  which  may  get  into  the  mixing-tube  to  the  out- 
side of  the  building.  The  down-turned  fitting  with  screen  is  abo 
necessarj'  if  safety  is  to  be  assured. 

Initial  generation  xv-ith  gasoline  is  strictly  forbidden;  alcohd  is 
required. 

Class  D  Systems,  There  are  pressure  and  gravity  lamps  ooanu- 
factured  under  this  classification.  The  principle  of  operation  is  quite 
similar  to  the  individual  generator  lamp  sho\Mi  in  Fig.  293.  With 
pressure  lamps  the  bowl,  containing  at  a  maximum  two  quarts  of 
gasoline,  is  placed  inmiediately  below  the  frame;  and  air  pressure  is 
placed  on  the  gasoline  with  a  hand  or  foot  pump  in  a  manner  similar 
to  the  storage  tanks  for  the  Class  C  systems.  These  bowls  have  seal 
tubes  to  limit  the  gasoline  capacity  and  insure  air  space.  The  gaso- 
line from  this  pressure  bowl  passes  up  one  side  of  the  frame  through 
the  generator,  and  the  gas  passes  do^^^l  the  other  tube  to  the  mantle. 
The  bowls  are  substantially  constructed,  and  even  more  severe  pres- 
sure test  requirements  pertain  than  in  the  case  of  the  Class  C  tanks. 
The  bowls  must  withstand  a  two  hundred-pound  pressure  test  main- 
tained for  a  period  of  five  minutes;  and  an  intermittent  hj-drostatic 
test  lasting  one  hour  with  a  pressure  of  one  hundred  pounds  per  square 
inch  on  for  five-minute  periods  and  off  for  one-minute  periods  during 
the  hour. 

(Iravity  lamps  have  a  bowl  at  the  top  of  the  frame  of  a  capac- 
ity not  to  exceed  two  quarts.  The  feed  of  the  gasoline,  down 
through  the  tubing  which  supports  the  lamp,  is  by  gravity;  the 
efTeotive  head  usually  being  30  to  36  inches.  The  gasoline  passes 
through  a  generator  above  the  mantle  in  the  customary'  manner 
and  the  gas  is  conveyed  to  the  bottom  of  the  lamp  and  con- 
sumed. Their  gasoline  supply  is  in  close  proximity  to  the  flame 
and  they  may  frequently  be  refilled  inside  of  the  building.    The 
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lamps  of  this  type  are  no  longer  being  used  in  large  numbers  in  this 
country. 

The  hazards  of  Class  D  systems  may  be  stated  as  follows:  These 
lamps  are  regarded  from  an  insm^ance  viewpoint  as  even  more  dan- 
gerous than  the  systems  covered  in  Class  A,  Class  B,  or  Class  C, 
owing  to  the  fact  that  their  gasoline  silpply  is  in  close  proximity  to 
the  flame  and  that  they  may  frequently  be  refilled  inside  of  the 
buildiiig. 

Note  particularly  that  gasoline  lamps  should  be  hung  at  a  safe 

distance  from  ignitible  material,  woodwork,  etc. 

The  approved  list  covers  pendant  and  bracket  lamps  only.  No 
portable,  hand,  or  table  lamps  are  permitted. 

FQling  gravity  bowl  lamps  while  the  light  is  burning  naturally 
imites  disaster. 

filling  gravity  bowls  too  full  may  result  in  sufficient  expansion 
of  gasoline  taking  place,  when  the  heat  of  the  mantle  rises  to  the 
ceiling,  to  cause  some  of  it  to  overflow,  with  fire  as  the  result. 

Class  E  Systems.  Gasoline  vapor  gas  lighting  machines  or  sys- 
tems having  gasoline  tanks  inside  of  the  building  introduce  especially 
dangerous  features.  Up  to  the  present  time  only  one  such  system 
has  been  accepted,  although  the  fire  record  has  not  been  as  bad  as 
might  be  expected.  It  is  thought,  however,  that  devices  of  this 
classification  will  be  little  used,  and  a  detailed  description  will  be 
omitted. 

Gasoline  Lighting  Hazards  in  General.  In  gasoline  vapor  light- 
ing litems,  as  in  other  cases  where  gasoline  is  used,  the  hazard  lies 
chiefly  in  having  the  liquid  about.  At  ordinary  temperatures  gaso- 
line continually  ^ves  off  inflammable  vapor,  and  a  light  which  is 
some  distance  from  any  material  may  ignite  it  through  the  medium 
of  this  vapor.    The  vapor  from  one  pint  of  gasoline  will  make  two 

hundred  cubic  feet  of  air  explosive.     It  depends  upon  the  proportion 

of  air  and  vapor  whether  it  becomes  a  burning  gas  or  a  destructive 
explosive.  The  use  and  storage  of  gasoline,  even  with  all  knowTi  pre- 
cautions, are  dangers  which  should  always  be  recognized.  \\Tiere 
permitted  it  should  be  surrounded  by  the  most  rigid  safeguards. 
The  man^i  hazards  which  can  be  introduced  by  faulty  design  and 
construction   of  apparatus   need   not   cause   worry,  if   only  those 
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machines  or  systems  which  have  the  approval  of  the  Laboratories 
are  used. 

Maintenauci\  (^lass  .1  machines  need  little  attention;  putting 
a  barrel  or  two  of  gasoline  into  the  carbureter  occasionally  and  wind- 
ing up  the  blower  weight  at  regular  inter\'als  are  practically  all  that 
need  to  Ix?  done;  and  wherever  the  water-wheel-driven  blower  is  used, 
the  latter  and  more  laborious  part  of  the  maintenance  falk  away. 
Class  C  system  tanks  require  frequent  filling  and  pumping  up,  and  the 
lamps  must  be  generated  each  time  they  are  lighted.  With  a  com- 
mon generator  system  it  is  only  necessarj'  to  heat  this  one  device; 
but  adjustment  has  to  be  made  as  more  lamps  are  added  or  as  the 
number  is  reduced. 

Blaugas.  Blaugas  Ls  made  from  the  destructive  distillation  of 
oil  at  a  somewhat  lower  temperature  than  is  used  where  gas  is  dis- 
tille<l  from  coal.  By  a  three-stage  compressor  it  is  compressed  from 
(iO  to  100  atmosphert*s  (900  to  1,500  pounds)  and  then  placed  in  cj-1- 
inders,  or  bottles.  The  gas  is  in  the  liquid  form,  the  liquid  consisting 
of  gases  which  liquefy  and  also  certain  gases  which  are  held  in  the 
solution.  The  gas  is  stable  in  that  it  will  not  disassociate  with  shock, 
in  this  respect  being  entirely  different  from  liquid  acetylene.  The 
cylinders  or  bottles  have  been  accepted  by  the  Bureau  for  the  Safe 
Transportation  of  Explosives  and  Other  Dangerous  Articles,  severe 
tests  biding  made  by  this  Burt»au  by  exploding  dynamite  cartridges 
at  the  side  of  the  cylinders  and  by  placing  the  cylinders  on  fire  and 
allowing  them  to  heat  uj)  until  the  safety  valve,  with  which  each  bottle 
is  eciuippcd,  ojxmhhI.  The  cylinders  are  made  in  Germany,  are  tested 
to  2.)()  atmospheres  (\\,7M  pounds),  and  are  further  tested  to  3,200 
pounds  in  this  country.  Tests  show  that  the  cylinders  will  not  burst 
until  pressure  reaches  over  G,0(X)  pounds.  At  the  subscriber's  or 
consumer's  premises,  two  of  these  bottles  are  placed  in  a  metal  c*abi- 
net  on  the  outside  of  the  building  to  be  lighted,  and  are  exp)anded 
into  the  building  through  suitable  reducing  and  regulating  valves. 
The  high  pressure  cylinders,  together  with  reducing  and  regulating 
valves,  are  contained  in  a  Uxked  and  ventilated  metal  box. 

This  system  is  arrangtMl  to  run  automatically  with  small  expan- 
sion tanks,  in  this  1k)x;  or  non-automatically  with  larger  expansion 
tanks  which  are  buried  or  instalUnl  in  well-ventilated  brick  or  con- 
crete houses  when  near  buildings.     The  gas  itst»lf,  after  introduo- 
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tion   into  the  house  pipmg,  embodies  about  the  same  hazards  as 

ordinaty  city  gas,  but  is  under  somewhat  higher  pressure  on  the 

house  side  (being  about  12  inches  of  water  column,  or  one-half  pound). 

Safeguards.    The  safeguards  on  the  apparatus  are  as  follows: 

(1)  To  guard  against  failure  of  high-pressure  reducing  valve. 

Should  pressure  on  expansion  tank  exceed  120  pounds  (tank  is  tested 
to  300),  a  safety  valve  operates  and  allows  gas  to  escape  to  outside  air. 

(2)  To  guard  against  failure  of  low-pressure  reducing  valve. 

Should  pressure  on  house  side  reach  or  exceed  40  inches  of  water  (less 
than  2  pounds),  a  mercury  seal  is  broken  and  gas  blows  to  outside  air. 

(3)  All  parts  which  are  subjected  to  high  pressure  are  placed 

outside  buildings. 

(4)  Cylinders  and  tanks  have  a  reasonable  margin  of  safety. 

In  case  of  fire  the  safety  valve  on  the  cylinders  would  let  go  and  the  gas 
would  burn.    There  would  be  no  explosion  under  these  conditions. 

Underwriters'  Requirements.  It  is  reasonable  to  suppose  that  the 
gas  will  replace  other  methods  of  lighting  which  are  at  least  as  hazard- 
ous, probably  more  so.  Cylinder  contains  about  twenty-tw^o  pounds 
of  gas  which  is  equivalent  to  300  cubic  feet  of  gas.  Burning  of  one 
foot  of  gas  is  equivalent  to  120  c.  p.  Several  Underwriters*  associa- 
tions having  jurisdiction  allow  the  installation  of  this  apparatus 
without  any  extra  charge  if  it  is  installed  in  accordance  with  the 
prescribed  method,  that  is,  with  the  apparatus  entirely  out  of  the 
building. 

There  are  other  liquid  gas  systems,  but  they  have  not  attained 
great  conunercial  importance  except  the  well-known  Pintsch  gas  so 
much  used  by  railroads.  The  hazards  are  not  essentially  different 
from  those  of  Blaugas. 

HEATING  AND  VENTILATION 

Heating  and  ventilating  systems  of  one  kind  or  another  are  the 
causes  of  many  fires  and  the  various  methods  and  systems  in  com- 
mon use  should  be  understood  so  that  proper  rules  may  be  observed 
and  suitable  precautions  taken  to  guard  against  the  possibility  of  fire. 
Heat  is  desired  mostly  for  the  purposes  of  cooking  and  preparing  fcxxl 
for  human  sustenance  and  of  suflSciently  warming  our  houses  and 
buildings  to  ensure  comfort  during  cold  weather. 
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One  of  the  earliest  forms  of  heating  of  which  we  have  any  knowl- 
edge is  that  of  the  charcoal  brazier,  which  in  the  days  of  the  Grecian 
and  Roman  civilizations  was  a  favorite  means  of  w*anning  rooms, 
while  the  Romans  had  a  somewhat  primitive  way  of  heating  known 
as  the  **IIypocaust/'  The  apparatus  consisted  of  a  fireplace  built 
outside  of  the  room,  the  air  and  smoke  being  conveyed  throu^  the 
building  by  means  of  flues  perforated  at  intervak.  In  the  days  of 
the  aborigines,  fires  were  built  upon  the  floors  and  the  smoke  was 
allowtnl  to  make  its  escape  through  a  hole  in  the  roof,  or  as  best  it 
could,  for  the  chimney  was  a  slow  evolutionary  process. 

Hot  Air  Heating  with  Wood  or  Coal  Fuel.  Fireplaces.  Fire- 
places should  Ik*  carefully  planned  and  constructed  in  connection  with 
the  building  of  chimneys.  Much  care  should  be  given  to  the  design 
of  fireplaci*  fluc*s  and  to  the  proper  location  of  the  "trinmier"  and 
'iieader''  beams.*  Hearths  should  be  of  ample  thickness  and  area, 
and  no  wood  used  to  support  them.  Mantels  should  not  be  located 
so  that  there  will  be  any  danger  of  ignition.  Wire  guards  should  be 
provided  and  required  in  front  of  fireplaces  to  prevent  sparks  from 
flying  out,  or  babies  and  animals  crawling  too  near.  Examine  care- 
fully any  proposed  plans  for  addition  of  fireplaces  in  chimneys  already 
built  and  not  so  designed.  Disused  fireplaces  should  not  be  closed 
up  with  wood  or  paper,  but  with  brickwork  or  metal,  especially  if 
any  other  fireplaces  connected  with  the  same  flue  are  in  use.  A  fall 
of  hot  soot  is  liable  at  any  time  to  cause  trouble. 

Stores.  Stoves  that  burn  wood  or  coal  may  be  divided  into  two 
general  classes,  viz,  the  closed,  or  slow  combustion  stove;  and  the 
open  stove.  In  the  first  kind,  which  may  be  used  for  either  heating 
or  cooking,  the  fire  is  fed  from  the  top,  the  draft  being  provided 
from  below.  These  stoves,  as  a  rule,  are  of  strong  construction  and 
do  not  touch  the  floor.  The  open  stoves  are  of  endless  variety — 
some  are  raised  on  legs  above  the  floor,  while  others  are  placed 
directly  upon  it.  The  danger  from  the  two  classes  is  pretty  much 
the  same,  except  that  in  the  slow  combustion  stove  there  is  not  the 
siune  risk  of  the  ashes  falling  out  onto  the  floor.  A  prominent  type 
of  oi)en  stove  is  known  as  the  **Franklin".     Another  prominent 


♦For  ;i  (li^taiU'tl  <li.srus.sion  of  the  specifir  dotails  of  u  proporly  constructed  fireplact^,  the 
«ader  is  n'f»Tro«l  to  Firo  Insiiraiu'o  In.siK'ctiou.  Part  2.  pages  105  to  107.     The  discuiwion  in 
iBtratud. 
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special  type  of  heating  stove,  designed  especially  for  wood  burning, 
b  known  as  the  "Air-tight'\ 

Hazards  of  Stoves.    There  is  but  little  danger  from  heating  or 

cooking  stoves  if  they  are  properly  installed  and  the  stovepipes 
suitably  arranged.  Although  an  overheated  stove  under  such  con- 
ditions should  not  cause  direct  trouble,  it  may,  indirectly,  be  fraught 
with  serious  results.  A  roaring  fire  carries  burning  particles  up  the 
chimney  to  fall  perhaps  on  a  dry  roof  or  to  set  fire  to  the  chimney 
soot.  Stoves  will  not  explode  with  ordinary  clean  fuel.  Explosions 
are  caused  by  covering  or  banking  the  fire  with  slack  coal  to  keep  it 
over  night.  Gas  and  fine  particles  of  carbon  accumulate  under  the 
blanket,  and  the  recovery  of  the  blaze  explodes  the  mixture.  If  the 
fire  pot  is  filled  too  full,  a  live  coal  may  be  pushed  out  through  a  doof 
during  the  night,  as  coal  swells  when  it  burns.  In  some  factory  build- 
ings of  large  area  with  high  ceilings,  the  management  does  not  attempt 
to  heat  the  entire  building.  Stoves  are  placed  where  most  conven- 
ient for  the  workmen,  and  instances  are  known  where  workmen  being 
removed  temporarily  to  another  section  of  the  building  have  taken 
the  stove  with  them,  and  there  being  no  brick  flue,  the  stovepipe  was 
protruded  through  the  side  of  the  building.  The  use  of  stoves  that 
are  cracked  should  not  be  allowed. 

Protection  of  Stoves.    Stoves  should  always  have  metal  legs, 

and  be  set  upon  a  zinc,  sheet-iron,  or  |-inch  asbestos  covered  plat- 
form extending  at  least  18  inches  in  front  of  the  hearth  and  fuel  doors. 
They  should  be  set  at  least  18  inches  from  all  wood  or  lath  and  plaster 
walls  or  partitions  and  the  latter  should  be  protected  by  metal.  There 
should  be  an  air  space  between  the  metal  and  woodwork  to  be  pro- 
tected. Protecting  metal  screens  should  be  used  where  inflammable 
material  is  liable  to  come  in  contact  with  stoves.  Screens  of  sixty- 
four-mesh  copper  wire  may  be  used  to  protect  stoves  from  dust. 
Stoves  should  always  have  dampers  in  flues.  High  winds  may  cause 
a  hot  fire  which  can  not  be  controlled,  and  ceilings  or  walls,  if  unpro- 
tected and  too  near  flues,  may  be  set  on  fire.  (See  ^'Stovepipes".) 
Proper  Construction  of  Coal  Ranges,  Single  coal  ranges,  without 
warming  ovens  below  and  set  over  wooden  floors,  should  be  mounted 
on  a  foundation  of  5-inch  hollow  tile  on  metal ;  if  two-fire  or  three-fire, 
etc.,  foundation  should  be  4-inch  brick  laid  in  cement  mortar  cov- 
ered with  4-inch  hollow  tile,  brick  to  extend  4  feet  in  front  of  range. 
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Coai  ranges  having  4-mch  legs,  wanning  oven  below  the  bak- 
ing oven,  and  a  large  ash  pan  under  fire-box,  need  little  attention 
except  as  to  surroundings — ^the  floor  may  be  protected  with  a  anc 
board  or  sheet  zinc  extending  14  to  18  inches  in  front  and  4  inches  at 
sides  and  back.  Where  the  range  is  set  closer  than  18  inches  to  a 
furred  wall,  the  furring,  wood  lath,  and  plaster,  etc.,  should  beremoved 
for  a  distance  of  12  inches  each  side,  and  6  feet  above  the  top  line  of 
range.  If  there  b  a  stud  or  a  wood  partition  at  the  back,  a  wall  of 
3-inch  hollow  tile  should  be  constructed  between  range  and  partition; 
tile  ducts  to  be  continuous  and  open  top  and  bottom;  sides,  if  exposed 
within  24  inches,  to  have  like  protection.  Where  a  coal  range  is  of 
two-  or  three-fire,  etc.,  t^-pe,  a  foundation  of  3-inch  or  4-inch  hard 
burned  hollow  tile  should  be  placed  on  top  of  zinc;  ducts  to  run  the 
short  way  of  range. 

Hot  Air  Furnaces.  There  are  numerous  types  of  hot  air  fur- 
naces designed  to  meet  the  various  conditions  of  heating  in  the  best 
manner,  and  with  difTerent  patented  innovations  of  more  or  less 
practical  utility.  The  different  types  of  heaters,  however,  have  little 
influence  on  the  fire  hazard  of  these  devices.  If  properly  installed  and 
carefully  used,  furnaces  would  seldom  cause  fires.  As  a  matter  of 
fact,  however,  they  are  a  prolific  source  of  trouble  during  sudden 
siK'lls  of  cold  weather,  due  to  overheating. 

Protection  of  Furnaces.     Furnaces  should  be  erected  upon  a 

solid  foundation  of  brick  or  stone,  with  hearth  of  brick,  stone,  or 
cement,  not  less  than  30  inches  wide  in  front  of  the  ash  pit.  The  top 
or  dome  of  the  furnace,  and  also  its  smokepipe,  should  not  be  less 
than  24  inches  from  unprotected  woodwork  or  lath  and  plaster,  and 
its  side  walls  should  be  at  least  18  inches  from  combustible  material. 
These  distances  may  be  rcxluced  to  12  inches  if  the  furnace  is  pro- 
tected by  3  inches  of  asbestos,  cement,  or  its  equivalent.  If  set  over 
combustible  floors,  the  latter  must  be  protected  as  specified  for  low 
pressure  boilers. 

Hot  Air  Ducts.     Hot  air  ducts  should  be  entirely  of   brick 

or  hard  buriuHl  terra  cotta  tile,  properly  insulated  from  contact 
with  woodwork  or  other  combustible  material;  but  they  may  be 
constructed  of  expandal  metal  and  plaster,  or  of  bright  tin,  properly 
supported  and  insulated  by  air  space  of  not  less  than  2§  inches  from 
all  exposed  woodwork  in  either  cast*.     If  constructed  of  tin.  they 


448 


COMMON  AND  SPECIAL  HAZARDS  439 

must  be  made  double  with  an  air  space  of  not  less  than  one-half  inch 
between  the  inner  and  outer  flues  when  passing  through  or  within 
wood  or  lath  and  plaster  partitions;  and  the  outer  pipe  to  be  kept 
2  inches  from  the  woodwork.  Cold  air  ducts  should  be  entirely 
of  brick,  metal,  or  other  non-combustible  material;  but  they 
may,  under  approved  conditions,  be  of  wood  up  to  a  point  not  closer 
than  5  feet  from  inlet  base  at  furnace;  from  this  distance  the  con- 
struction should  be  entirely  of  brick,  metal,  or  other  non-combustible 
material.  The  duct  should  extend  to  the  outer  side  of  the  building 
wall  and  be  provided  with  wire  net  or  grating  at  that  point. 

Hot  Air  Registers.    Hot  air  registers  when  placed  in  wood  floors 

or  wainscoting  should  be  set  in  soapstone  frames  not  less  than  2  inches 
wide,  well  set  and  embedded  in  plaster  of  Paris.  Register  boxes, 
where  passing  through  floors  or  wainscoting,  should  be  of  bright  tin, 
having  joist  or  floor  timbers  framed  around  them  to  leave  a  space 
of  from  2  to  2}  inches  on  all  sides  according  to  the  size  of  the  box, 
the  exposed  woodwork  to  be  covered  with  bright  tin  on  all  sides, 
extending  from  under  the  soapstone  frame  to  and  under  the  ceiling 
or  open  joist  below.  At  least  one  register  of  any  system  should  be 
kept  open,  either  by  removing  the  vanes  or  by  wiring  the  valve  open. 
Stovepipes.    Stovepipes  passing  through  closets,  unused  rooms, 

blind  attics,  and  other  concealed  spaces  should  be  condenmed.  They 
should  not  enter  chimneys  at  a  point  out  of  sight.  Stovepipes  of  6 
inches  or  less  diameter  passing  through  floors,  partitions,  sides  of 
buildings,  and  roofs  are  dangerous  and  should  be  removed.  If 
allowed  to  remain,  they  should  be  protected  by  double  metal  venti- 
lated thimbles  so  arranged  as  to  maintain  at  least  a  six-inch  clear- 
ance between  the  pipes  and  combustible  material;  thimbles  to  extend 
at  least  3  inches  at  both  ends  beyond  the  surfaces  protected.  Stove- 
pipes and  smokepipes  from  hot-air  furnaces  more  than  6  inches  in 
diameter  should  be  kept  at  least  12  inches  from  combustible  parti- 
tions, walls,  etc.,  and  be  protected  by  double  metal  thimbles  or 
their  equivalent.  Pipes  should  be  kept  24  inches  below  combustible 
ceilings,  or  else  they  must  be  protected  in  the  same  manner  as  boiler 
breechings.  (See  "Boilers".)  Stovepipes  should  not  enter  a  chim- 
ney vertically,  at  the  bottom  of  a  flue  starting  from  a  ceiling  above, 
as  there  is  danger  of  fire  from  burning  soot  falling  out  of  the  flue 
through  the  space  around  the  pipe. 
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Hot  Water  Heating.  The  principle  on  which  aD  syst^ns  of 
heating  by  the  circulation  of  hot  water  depend  is  that  of  convecti(»L 
As  the  water  becomes  heated  by  means  of  the  boiler,  it  rises,  and  by 
the  cold  water  rushing  in  to  take  its  place,  a  current  is  created  through 
the  pipes  which,  as  the  hot  water  passes  through,  becomes  wanner 
and  sends  its  heat  into  the  room  by  radiation.  The  various  ^'stems 
in  use  may  be  diWded  into  two  classes:  that  of  the  small  bore,  or  high 
pressiu*e  system,  and  that  of  the  large  bore,  or  low  pressure  system. 

High  Pressure  Systems.  Various  arrangements  may  be  used  for 
heating  the  water  in  the  high  pressure  systems  depending  mainl}'  on 
the  size  and  the  extent  of  the  premises  to  be  heated.  The  apparatus 
in  its  simplest  form  consists  of  metal  tubes  distributed  about  the 
premises  in  similar  manner  to  ordinary  heating  systems,  but  part  of 
the  circuit  is  arranged  in  coils  which  are  placed  in  an  ordinar}'  cod 
burning  fireplace,  the  pipes  taking  the  place  of  the  usual  grate  bars. 
\Miere  a  large  apparatus  is  necessarj',  the  coils  are  arranged  in  in 
iron  casing  or  furnace,  or  in  a  brick-built  furnace.  In  this  way  the 
whole  coil  is  exposed  to  the  direct  action  of  the  flames  and  hot  gases, 
the  water  is  heated  to  3oO**F.,  and  the  pipes  are  subjected  to  a  pres- 
sure of  500  pounds  and  upwards  to  the  square  inch.  It  will  be  readily 
swn  that  a  great  heat  can  be  obtained  by  this  system,  but  it  is  neces- 
sary tiiat  much  care  should  be  exercised  when  fixing  the  pipes  so  that 
no  wcKKhvork  or  other  inflammable  material  be  allowed  in  immediate 
proximity  to  them.  These  systems  are  hazardous  and  they  should 
not  be  advocated. 

Low  Pressure  Systems.  Heating  by  low  pressure  hot  water  sys- 
tems is  in  general  use.  The  usual  type  of  sectional  heater  intro- 
duces no  greater  hazard  than  a  hot  air  furnace  and  should  be  treated 
accordingly.  These  systems,  as  a  whole,  however,  are  considered 
safer  than  hot  air  systems  as  ordinarily  installed.  The  hot  water 
pipes  are  also  less  liable  to  cause  fire  than  steam  pipes. 

Steam  Heating.  Boilers  of  the  sectional  type  usual  in  domestic 
heating  and  other  buildings  of  moderate  size  introduce  no  greater 
hazard  than  a  hot  air  furnace  and  should  be  treated  accordingly. 
These  systems,  as  a  whole,  however,  are  also  considered  safer  than 
hot  air  systems  as  ordinarily  installed.  Low  pressure  boilers  of  the 
tubular  type,  in  which  the  steam  pressure  does  not  exceed  ten  pounds, 
are  frequently  ustnl  in  large  buildings  and  in  factories  where  the 
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boiler  does  not  need  to  supply  steam  for  power  or  manufacturing 
purposes.  The  rules  governing  the  clearance  between  the  arch  or 
breeching  (smoke  flue)  are  the  same  as  for  hot  air  furnaces. 

Steam  Pipes.  Steam  pipes  are  known  to  be  the  cause  of  many 
fires.  They  should  be  carefully  located  and  properly  insulated,  and 
reasonable  precaution  should  be  taken  to  keep  them  from  wood. 
When  fastened  to  walls  at  sides  of  room,  near  the  floor,  combustible 
material  is  apt  to  accumulate  and  fire  results.  The  method  of  hang- 
ing pipes  overhead  at  a  short  distance  from  the  ceiling  obviates  this 
risk  and  has  been  shown  to  be  scientifically  correct. 

Hot  Steam  Pipes  Cause  Fire.    There  is  considerable  diversity 

of  opinion  as  to  the  circumstances  under  which  such  fires  may  be 
expected  to  occur  and  the  local  conditions  which  contribute  thereto. 
It  is  evident  that  the  hazard  is  materially  increased  where  the  heat 
is  in  any  way  confined,  or  where  contact  is  with  materials  more  flam- 
mable than  wood.    Particular  care  must  be  taken  to  guard  against 
the  presence  of  materials  which  are  notably  subject  to  spontaneous 
ignition,  such  as  celluloid,  coal  dust,  and  oily  waste.    Investigators 
who  have  attempted  to  produce  fires  by  bringing  steam  pipes  into  con- 
tact with  various  combustible  materials,  have  concluded  that  any 
steam  pipe,  no  matter  how  low  the  pressure,  would  in  course  of  time 
produce  charcoal  and  that  when  this  stage  was  reached  positive  dan- 
existed,  as  charcoal  is  subject  to  spontaneous  ignition.    Where 
is  kept  on  a  system  continually,  there  is  said  to  be  less  danger 
^an  where  on  intermittently.    The  reason  advanced  is  that  when 
a.IIo\ired  to  cool  the  charcoal  has  a  better  opportunity  to  absorb  oxygen 
^l^an  if  kept  hot  at  all  times.    Another  factor  is  moisture.    Experi- 
have  shown  that  charcoal  once  wet  and  dried  out  afterwards 
Haore  dangerous  than  that  which  has  remained  dry,  the  ignition 
I^^int  being  well  below  the  boiling  point  of  water. 

Repeated  instances  have  been  observed  in  which  steam  has 

►me  superheated  without  giving  any  indication  from  the  pressure 

This  is  believed  to  occur  whenever  the  water  is  allowed  to 

low  enough  in  the  boiler  to  expose  the  steam  to  the  heating  sur- 

Superheated  steam  will  in  turn  communicate  its  heat  to  the 

^*^^tal,  and  ignition  may  be  produced  whenever  felt,  wood,  or  other 

^^flammable  substance,  comes  in  contact  with  any  portion  of  the 

*H>Uer  or  steam  pipes. 
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General  Methods  of  Protection.  TTiere  are  two  general  meth- 
ods of  keeping  steam  pipes  free  from  contact  with  combustiUe 
material,  the  first  being  through  the  use  of  an  insulator,  such  as  [^ 


Fif.  295.     Stom  Pipe  PaHini  Vertically  Tbroucb  Floon 


covering,  and  the  second  by  supporting  them  rigidly  at  a  safe  db- 
tance.  Wierever  pipes  pass  through  concealed  spaces,  co\-ering 
should  be  carried  for  entire  length  to  avoid  future  contact  irith 
substances  which  may  get  into  these  spaces.  Care  should  be 
taken  to  see  that  any  covering  or  lagging  which  may  be  used  is 
composed  of  non-combustihlc  material.  Several  brands  of  pseudo- 
asbestos  and  sophisticated  insulating  materials  liave  been  found  on 


the  market.  When  an  insulated  steam  pipe  passes  through  a  parti- 
tion, the  lagging  should  pass  through  as  well  and  not  be  out  oiTat  «ith 
side  of  the  partition,     lliis  point  should  be  carefully  examiucil. 
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Pipes  should  be  bushed  with  metal  collars  where  passing  through 

floor  or  combustible  partitions  and  should  be  securely  supported. 

Special  Methods  of  Protection.    The  Independence  Inspection 

Bureau,  Philadelphia,  have  devised  methods  of  protection  which  are 
excellent.  These  desirable  principles,  while  shown  in  the  illus- 
trations to  be  applied  to  certain  specific  problems,  can  be  adjusted  to 
fit  practically  all  conditions.    Their  description  is  as  follows: 

Fig.  295  shows  pipe  passing  vertically  through  floor.  Pipe  cov- 
ering is  supported  by  collar  below  and  floor  plate  has  been  used  to 
protect  end  of  covering  and  to  conceal  the  opening.  On  new  instal- 
lations, solid  covering  and  collars  can  be  used;  but  if  piping  is  already 
in  place,  split  covering,  wired  together,  and  split  qoUars  make  the 
partial  taking  down  of  piping  unnecessary.  If  desired,  a  metal  sup- 
porting plate  can  be  used  at  ceiling  instead  of  a  collar. 


1"    —  -  -  ■  —    —  -    ■- 


Fig.  297.     Notched  Plate  Protection  for  Steam  Pipe 

Fig.  296  shows  pipe  passing  through  an  ordinary  lath  and  plaster 

Partition  close  to  the  floor  line.    Here  a  sheet  metal  tube  of  diameter 

^t  least  one  inch  greater  than  that  of  pipe  is  used  and  the  annular 

^P^ce  filled  by  wrapping  suflBcient  asbestos  paper  around  the  pipe. 

*^  the  horizontal  position  no  support  is  likely  to  be  needed,  and  the 

^Uars  shown  are  merely  for  ornamental  purposes.  .This  form  of 

^l^ve  could,  of  course,  be  placed  vertically  as  well,  a  case  in  which 

support  would  be  required  along  lines  shown' in  Fig.  295. 
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Fig.  297  illustrates  a  notched  plate  which  can  be  adjusted  to  a 
reasonable  range  of  pipe  sizes.  It  is,  however,  probably  best  tot 
sizes  not  exceeding  3  inches.  For  larger  pipe,  hangers  or  brackets 
are  recommended.  Plates  are  used  on  one  or  both  sides  of  a  partition 
or  floor,  as  the  conditions  may  warrant.  One-eighth-inch  steel  plates, 
if  well  supported,  will  stand  considerable  strain.  Pipe  covering  can 
l)e  placed  between  two  pairs  of  plates,  as  ^o^-n  in  illustration,  or 
carried  through  partition  or  floor  from  side  opposite  to  that  on  which 
single  pair  of  plates  is  located.  These  plates  offer  perhaps  the  best 
method  of  keeping  a  pipe  centrally  in  a  hole. 

Fig.  298  shows  pipe  supported  on  a  bar-iron  bracket  which  will 
insure  a  certain  separation  from  timber  over  which  pipe  passes.  Not 
less  than  l^-inch  clearance  is  advisable.  The  upper  portion  is 
removable  and  the  lower  permanently  secured  by  bolts  or  lag  screws. 

In  the  application  of  any  of  these  methods,  the  following  points 
should  be  borne  in  mind: 

First t  that  pipe  coverings  are  not  capable  of  resisting  appreciable 
mechanical  strain,  and  that  they  should  be  called  upon  to  act  as  an 
insulator  and  not  as  a  support.  With  small  vertical  pipes,  metal 
supports  are,  however,  not  essential. 

Fig.  208.     Steam  Pipe  Supported  od  Bar-Iron  Bracket 

Second,  that  cutting  a  large  hole  for  a  steam  pipe  is  not  suflBciea"*' 
as  a  pipe  is  almost  certain  to  sag,  expand,  or  contract,  and  thereh^-3 
come  into  contact  with  the  side  of  hole  in  which  it  was  at  one 
aMitral. 

Thirdy  that  a  steam  pipe  should  be  covered  wherever  it  is  coi 
cruled.     Even  if  there  appears  to  be  no  likelihood  of  any  loose  coi 
hustible  material  getting  on  to  pipe  when  same  is  put  in  place,  thei 
is  always  danger  of  accumulation  of  rubbish  around  pipes. 

Combination  Heating  and  Ventilating  Systems.  Combinii 
heating  and  ventihiting  ])r(>cess(»s  (le|HMid  for  their  successful  opei 
lion  upon  a  well-known  principle  of  physics.     This  principle  coi 
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sists  in  the  fact  that  there  is  a  difference  in  gravity  between  cold 
(or  foul)  air  and  heated  air.  The  former  being  the  heavier  tends  to 
fall,  while  the  latter  from  its  lightness  tends  to  rise,  these  differences 
in  density  serving  to  create  currents  of  opposite  direction,  whereby 
the  ascending  current  of  heated  air  displaces  the  cold  or  foul  air, 
which  then  falls  to  the  level  of  the  floor  of  any  enclosed  space  where 
from  its  density  it  would  remain  stratified  unless  displaced  by  agita- 
tion or  by  liberation  through  vents  at  its  level. 

Hence,  in  all  well-designed  combined  heating  and  ventilating 
systems  where  natural  forces  are  utilized  as  means  of  operation,  the 
vent  ducts  for  the  escape  or  removal  of  cold  or  foul  air  are  located  at 
the  floor  level  of  an  enclosure  and  when  properly  installed,  insure 
successful  accomplishment  of  the  purpose  intended,  even  if  in  arrange- 
ment and  construction  such  systems  may  not  alw^ays  present  condi- 
tions promising  inmiunity  from  fire  through  the  faults  of  design  and 
installation. 

The  means  of  obtaining  ventilation  may  be  divided  into  the 
two  broad  classes  of  natural  and  artificial.    In  natural  ventilation, 
no  machinery'  is  used  to  distribute  the  air  through  the  rooms.    Arti- 
ficial ventilation  is  carried  on  by  the  aid  of  machinery  or  by  the 
action  of  heat,  or  by  the  two  in  conjunction.    In  what  is  known  as 
the  ^Tacuum  System"  a  fan  (or  fans)  draws  the  foul  air  out  of  the 
rooms,  the  fresh  air  finding  its  way  in  at  various  openings.     In  the 
"Plenum  System,"  which  is  largely  adopted,  the  fresh  air  is  driven 
into  the  building  by  a  fan  (or  fans)  and  the  polluted  air  escapes  by 
different  apertures  provided  for  it. 

Direct  and  Indirect  Systems.  Under  either  one  of  these  classes 
of  heating  and  ventilation  are  to  be  found  two  distinct  systems  respec- 
tively known  as  the  "direct"  and  the  "indirect."  Under  the  former 
the  foul  and  dust-laden  air  is  carried  from  the  floor  of  the  rooms 
tli.ix)ugh  ducts  or  flues  by  action  of  the  heated  air  currents  w^hich  dis- 
I>l^ce  the  foul,  and  these  flues  deliver  the  foul  air  above  the  roof  of 
tl^«  building,  thus  securing  the  direct  ventilation  which  serves  to  indi- 
^^^-'te  the  method,  and  where  such  system  is  properly  installed  it  pre- 
sents the  least  hazard  of  these  combination  svstems.  The  "indirect" 
ss^'stem  seeks  to  secure  the  removal  of  all  foul  or  cold  air,  not  onlv 
'^'om  the  area  of  the  room  enclosures  but  also  from  all  of  the  hollow 
^l^aces  surrounding  the  same,  including  the  spaces  between  the  floor 
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j(  lists  and  the  partition  studding.  To  accomplish  this  end,  the  area 
of  space  between  the  floor  joists  is  increased  by  nailing  two-by-lour 
wall  strips  across  the  joists,  and  openings  are  made  through  parti- 
tion walls  from  the  joist-channels  to  the  spaces  between  the  studsf 
MiuB  providing  a  complete  maze  of  conmiunicating  horizontal  and 
vertical  spaces,  accessible  to  flame  while  inaccessible  to  means  of 
extinction,  the  whole  presenting  a  method  of  insuring  rapid  combus- 
tion and  destruction  of  the  building  in  case  of  fire. 

Hazards  of  Xatural  Systems.  Direct  and  indirect  sj^tems  of 
the  natural  type,  when  used  in  conjunction  with  furnace  heating, 
offer  the  same  hazards  as  ordinary-  heatkig  systems.  The  foul-air 
ducts  should  be  constructed  in  similar  manner  to  that  suggested  for 
hot-air  ducts,  l)ut  they  should  be  installed  with  not  less  than  one-indi 
clear  space  at  woodwork.  Ducts  should  not  be  connected  directiy 
with  a  heating  furnace  nor  with  any  hot^ir  or  smoke-flue  but  pre- 
ferably to  a  sfK'cial  flue  adjoining  a  brick  smoke-flue  or  hot-air  flue 
carried  to  the  same  height  but  separated  therefrom  by  not  less 
than  four  inches  of  brickwork. 

Foul-air  flue  should  not  discharge  vertically  under  the  roof  in 
attic,  thus  providing  means  by  which  fire  would  ver>'  quickly  reach 
the  most  inaccessible  portion  of  the  structure  and  gain  headway 
Ix^fore  discovery.  Ducts  should  not  lead  from  outlets  at  floors  above 
the  heating  device  to  the  base  of  same  at  fire  box.  Falling  embers 
from  the  furnace  grate  are  liable  to  ignite  the  dust,  paper,  or  other 
refuse  which  accumulates  in  the  duct.  Flues  should  not  pass  horizon- 
tally under  the  triliiig  from  the  floor  outlets  above  the  furnace  room 
aiui  open  into  the  room  or  smoke-flue  of  the  heater,  stack,  or  chim- 
ney. The  heated  air  of  the  smoke-flue  serves  to  carbonize  the  accum- 
ulation of  dust,  (lyings,  and  other  refuse  adhering  to  inside  of  foul- 
air  duct  and  will  eventually  ignite  same;  while  a  rising  spark  from  a 
newly  kindled  fire  in  the  furnace  is  very  likely  to  cause  such  ignition 
and  carrv  flame  to  the  interior  of  the  structure. 

Hazards  of  Artificial  Systems.  The  direct  or  indirect  systems 
may  be  usini  in  combination  with  steam  heating,  the  steam  coils 
l)eing  placrd  in  a  chamber  through  which  the  cold  air  is  drawn  and 
forcxnl  over  them,  the  system  then  virtually  becoming  one  of  hot- 
air.  Blowers  are  n(»(vssary,  however,  for  this  puri)ose  and  the  sys- 
tem heconu's  an  artificial  one. 
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The  principal  hazard  of  this  system  is  due  to  the  blower  or 
intake  which  may  blow  a  fire  originating  at  this  point  through  the 
building.  The  blower  should  be  kept  clean^  well  oiled,  and  properiy 
adjusted.  Bearings  should  be  outside.  All  blowers  used  to  circu- 
late air  through  heating  or  ventilating  pipes  in  buildings  such  as 
theaters,  etc.,  with  openings  to  the  auditorium,  should  be  provided 
with  a  device  to  stop  the  blower  automatically  in  case  of  fire.  Fusi- 
ble links  for  this  purpose  ought  to  be  located  near  the  blower  both 
inside  and  outside  the  pipe  leading  to  openings  in  the  auditorium. 
Air  should  be  taken  from  outside  through  an  intake  having  a  screened 
opening  and  located  so  as  to  be  safe  from  sparks.  Air  should  not  be 
taken  from  inside,  especially  if  there  is  any  inherent  danger  of  fire 
starting  at  that  point.  Systems  arranged  to  circulate  air  by  taking 
air  from  the  various  floors  through  suction  pipes  and  delivering  it 
back  again  are  hazardous. 

Specially  Hazardous  Arrangements.  The  Smead  system,  or 
"dry-closet"  system,  is  a  very  hazardous  arrangement  often  found 
in  schools.  This  is  found  in  use  with  the  indirect  system.*  In  its 
operation  the  excreta  from  the  toilets  is  destroyed  by  burning  with 
the  aid  of  volatile  or  highly  combustible  material  such  as  gasoline  or 
kerosene  oil  for  fuel. 

There  is  another  class  of  heating  and  ventilating  system  for  use 
in  country  schools  of  the  one-,  two-,  and  three-room  variety.    This 
class  has  several  representatives  all  similar  in  construction  and  prin- 
ciple, known  as  the  Waterbury  Heating  and  Ventilating  System,  the 
Paragon  Heating  and  Ventilating  System,  and  the  Moore  System. 
These  should  be  condemned  wherever  found.    They  are  composed  of 
an  extra  large  stove  (nearly  as  large  as  an  ordinary  domestic  hot-air 
furnace)  around  which  is  set  an  upright  galvanized-iron  jacket  about 
3i  feet  in  diameter  by  5^  feet  high,  open  at  the  top.    The  jacket 
<^nsbts  of  two  pieces  of  iron  interlined  with   asbestos  board  and 
stands  about  3  inches  from  the  floor. 

A  horizontal  fresh-air  intake  pipe,  twelve  by  sixteen  inches, 
P^i-sses  through  the  side  wall,  opening  outside,  and  enters  the  jacket 
*^  one  side.  Thus,  the  cold  air  on  entering  forces  the  hot  air  which  is 
^i^side  the  jacket  out  at  the  top  and  it  circulates  about  the  room, 
bolted  to  another  side  of  the  jacket  is  a  vertical  twelve-inch  outlet 
P*I>«  or  ventilating  flue  open  at  the  bottom  and  within  six  inches  of 
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till*  ilrxir.  This  iluc  passes  through  i\\v  criliii>r.  Mind  attic,  and  rod. 
'llie  lieut  against  the  inside  of  this  flue  generates  a  draft  which  is 
supposed  to  take  the  vitiated  air  from  the  room  to  the  outside  of  the 
iMiilding.  The  jacket  has  two  duties  to  perform.  It  b  supposed  to 
proti^'t  adjacent  wtMnlwork  from  the  heat  of  the  stove  and  to  pro* 
tt^'t  pupils  fn)m  direct  rays  of  heat.  The  other  duty  is  to  concen- 
trate the  heat  so  that  it  may  l>e  forced  out  at  the  top  and  thence 
circulate  about  the  room. 

As  a  matter  of  fact,  the  heat  is  not  equally  distributed  about  the 
nnnn.  It  is  forcinl  out  at  the  top  directly  against  the  ceiling  with 
sufficient  forw  to  blister  the  paint  and  discolor  the  woodwork.  It  is 
ntK-essjiry  to  ki*<*p  up  a  very  hot  firt*  in  order  to  keep  the  entire  room 
well  heated.  The  jacket  hidi»s  the  stove  from  view  and  when  the 
stove  gets  vvd  hot  it  is  not  noticed.  Tlu*se  heaters  appear  to  be 
wjually  unsatisfacton'  from  the  utility  point  of  view.  School  teachers 
state  that  the  rooms  are  not  equally  heated,  that  the  pupils  are  warm 
fnmi  the  waist  up  and  cold  from  the  waist  down;  that  those  sitting 
nearest  to  the  heater  continually  complain  that  tlieir  backs  are  hot  and 
their  feet  cold.    These  systems  have  been  the  cause  of  several  fireSi 

Qas  Stoves.  Gas  stoves  may  be  divided  into  three  dasses,  vixi 
plate,  or  single  burner;  ordinary  house  stove;  and  gas  rangeSi 

Plate  or  Sinrjle  Burner.  These  are  oniinarily  found  in  tailor 
shops  and  under  coflW  unis,  etc.  A  foundation  of  3-inch  hollow  tile 
should  be  used  except  where  burner  isneinlwl  for  heating  small  inns. 
Zinc  should  tluMi  be  placed  on  top  of  board  foundation  and  sheet- 
iron  plate  suspended  directly  under  burner  midway  between  topof 
stove  and  table  or  Mipi)ort;  or  further,  the  table  may  be  cutaway 
(lirectlv  under  the  burners. 

Ordinurii  Ilun.sr  SUnr,  This  type  is  sometimes  used  in  small 
restaurants  and  is  usually  set  on  a  perforated  base  or  on  2-inch  legs. 
This  class  of  stove,  if  in  a  dwelling,  needs  only  zinc  under  it;  but  if 
in  a  restaurant,  it  should  be  protected  with  a  foundation  of  S-indior 
4-ineli  hard  burned  hollow  tile;  clearance  at  sides  and  back  to  be  the 
same  as  for  eoal  stoves. 

ff'(/.v  7^/?/7f'.v.  This  type  is  usually  found  in  large  restaurants 
and  hotels.  The  foundation  generally  required  for  this  class  is  a 
sIuK*t  of  metal,  not  less  than  No.  Ki  U.  S.  gauge,  over  spacer  of  range 
and  extending  4  feet  in  front  and  12  inches  at  sides  of  same  (edges 
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may  or  may  not  be  turned  up  2  inches  to  form  a  pan) ;  on  top  of  the 
metal  a  foundation  of  4-inch  brick  laid  on  edge  and  pointed  up  with 
cement  and  mortar.  This  brick  foundation  must  extend  from  the 
wall  to  4  feet  in  front  and  12  inches  at  sides  of  range;  on  top  of  brick 
and  under  range  only,  a  foundation  of  4-inch  hard  burned  fire-tile 
ducts  should  extend  the  short  way  of  range.  Clearance  from  parti- 
tion and  combustible  material  must  be  the  same  as  for  coal  stoves. 

Gas  Hot^Waier  Heaters.  Fires  in  dwellings  have  been  traced  to 
defectively  installed  hot-water  heaters.  The  exhaust  flue  has  been 
allowed  to  terminate  in  the  attic  without  carrying  it  through  the  roof. 
This  is  done  in  order  to  avoid  cutting  the  roof  both  because  of  the 
expense  and  to  avoid  any  objections  of  the  owner  of  the  building.  In 
many  cases  the  exhaust  pipe  has  ended  close  to  the  roof  and  in  case 
of  explosion  of  gas  the  flames  would  strike  the  roof,  while  in  many 
cases  the  continued  heat  has  carbonized  the  woodwork  so  that  it  was 
more  readily  set  on  fire.  If  the  vent  pipe  is  not  carried  through  the 
roof,  an  elbow  should  be  placed  on  the  end  so  as  to  direct  the  hot  air 
and  gas  away  from  direct  contact  with  the  roof.  A  better  way  is  to 
connect  it  with  the  chimney  if  it  is  desired  to  avoid  cutting  the  roof. 

Relative  Hazards.  The  elements  entering  into  relative  danger 
of  gas  stoves  are  as  follows:  Construction,  method  of  connection  with 
gas  supply  pipes,  pressure  and  nature  of  the  gas  used,  surroundings  of 
the  stoves,  protection  of  surrounding  inflammable  materials,  and 
method  of  carrj^ing  off  waste  or  unbumed  gases.  The  most  dan- 
gerous hazard  is  the  use  of  soft  rubber  tubing  connection  between  the 
stove  and  the  supply  pipe.  Only  rigid  iron  gas  pipe  connections 
should  be  allowed.  Gas  stoves  should  be  mounted  as  previously 
described.  Inflanunable  siuroundings  should  be  properly  protected 
by  metal  or  asbestos.  Enclosed  heating  stoves  should  all  be  pro- 
vided with  as  good  flues  as  are  used  for  coal  stoves;  and  open  gas 
stoves,  such  as  hot  plates  or  gas  crowns,  should  have  ventilated 
metal  hoods  to  carry  off  any  escaping  gas.  Fires  in  stoves  burning 
natural  gas  sometimes  go  entirely  out  under  low  pressure  and  unless 
the  stove  valves  are  shut  off,  the  increase  in  pressure  would  quickly 
'fill  a  room  with  gas,  possibly  causing  an  explosion. 

Gas  Irons.  Besides  the  hazards  in  connection  with  the  use  of  gas 
as  described  under  Stoves  that  apply  to  this  device,  there  is  the  danger 
that  an  iron  will  be  left  on  combustible  material  while  the  heat  is  on. 
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Kerosene  OQ  Stoves.  The  small  portable  one-  and  two-biuner 
kerosene  oil  stoves  that  are  in  such  common  use  have  practically  die 
same  hazards  as  kerosene  oil  lamps,  and  the  rules  and  suggestions 
^ven  under  the  latter  heading  will  apply  to  these  de^-ioes.  Sto\'es 
are  never  made  of  ^ass.  They  do,  however,  smoke  readily  if  not 
properly  adjusted.  The  larger  stoves  of  the  so-called  '1)lue  flune" 
type  are  probably  safer  than  the  small  devices,  in  that  they  have  not 
the  hazard  of  portability  and  they  do  not  necessitate  the  use  of  a  wide 
at  the  burners.  The  size  and  location  of  the  storage  tank  are  iIIlpo^ 
tant,  however,  and  the  same  rules  should  govern  the  protection 
against  surrounding  woodwork  and  inflammable  material  as  are 
given  for  coal  or  gas  stoves. 

Kerosene  Oil  Pressure  Stoves.  These  systems  used  to  supply 
kerosene  vapor  stoves,  blow-torches,  and  furnaces  ^"ith  oil  under 
(considerable  pressure  are  regarded  from  an  insurance  \'ie\('poiDt  as 
much  more  hazardous  than  ordinary*  kerosene  stoves.  WTieie  used 
the  rules  and  requirements  which  have  been  prescribed  in  con- 
nection with  kerosene  vapor  lamp  systems  should  be  rigidly  obsened, 
and  the  remarks  under  that  heading  apply  here. 

Si)ecial  Features.  Special  features  which  apply  to  kerosene  oil 
pressure  stoves,  water  heaters,  or  open  burners,  are  as  follows:  Hey 
must  hv  supported  on  a  substantial  frame  or  stand  relieving  the  pip- 
ing from  all  unnect*ssary  strain.  Proper  protection  must  be  pro- 
vided to  prevent  overheating  or  ignition  of  adjacent  materiak 
Enclosed  stoves  must  be  provided  with  a  suitable  chimney  connec- 
tion. They  must  have  a  readily  accessible  shut-off  and  regulating 
\  alve  and  must  Ix^  provided  with  a  metal  pan  made  tight  ^iithout 
solder  and  plaei^d  beneath  the  burner. 

Blow-Torches  and  Furnaces.  Blow  or  plumbers'  torches  must 
have  all  parts  accessible  for  purposes  of  cleaning  or  repairing.  The 
burner  must  pro])erly  generate  under  any  condition  of  working  pres- 
sure or  regulation.  Cleaning  or  needle  valves  must  have  steel  stems 
with  a  shoulder  which  will  act  as  a  stop  and  prevent  the  enlarging  of 
the  ^as  tip.  Furnaces  must  be  provided  with  a  shut-off  valve  between 
tlie  tank  and  the  burner,  closing  against  the  pressure  in  a  positive 
manner. 

The  careless  use  of  these  torches  causes  many  fires.  This  hazard 
can  not  be  overcome  by  proper  construction. 
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Fig.  29«.     Alcohol  S 


Akohd  Cooking  Stoves,  Eto.  As  with  the  use  of  alcohol  lamps, 
the  use  of  ^cobol  stoves  assumes  the  use  of  denatured  alcohol.  The 
use  of  wood  alcohol  should  not  be  allowed  for  this  purpose.  Alcohol 
stoves  are  being  used  in  constantly  increas-ng  numbers  and  their 
hazards  should  be  thoroughly  un- 
derstood) as  well  as  certain  fal- 
lacies and  prejudices  against 
these  devices.  Many  of  the  ex- 
plosions credited  to  these  devices 
have  been  due  to  the  accidental 
or  unintentional  use  of  gasohne. 

Types  oj  Alcohol  Stoves. 
TTiere  are  four  tj-pea  of  alcohol 
stoves  in  general  use  today.  The 
principle  of  their  operation  con- 
sists in  the  fact  that  they  vap- 
orize the  alcohol  and  then  bum  it  in  the  form  of  gas.  This  necessi- 
tates the  use  of  a  small  amount  of  alcohol  which  must  be  ignited  in 
order  to  heat  the  burner  sufficiently  so  that  when  alcohol  is  allowed 
to  flow  through  it,  the  alcohol  is  turned  into  gas.  This  gas  in 
escaping  through  the  jets  in  the  burner  mixes  itself  with  about  one- 
quarter  of  its  own  volume  of  air,  and  a  hot  blue  flame  results. 

Class  1.  Stoves  of  the  open  pan  type  with  air  vent  tubes  which 
pass  through  the  pan  from  the  bottom  to  a  point  above  the  level  of 
the  liquid  in  the  pan,  making  a  central  draft  burner.  The  alcohol 
bums  freely  on  the  surface  of  the  liquid.  Perfect  combustion  and 
intense  heat  are  obtained  by  the  air  be-  .'-''~**"^ 
ing  drawn  up  through  the  tubes  and 
mixed  with  vaporized  alcohol  while 
burning.  A  cover  is  provided  which  \ 
closes  up  the  required  number  of  vent 
holes  to  lessen  the  intensity  of  the  heat. 
This  tj-pe  is  illustrated  by  Fig.  299.     p«-  ^w    Aicohoi  stovf— cia«  2 

Class  2.  Stoves  of  the  asbestos-filled  class.  These  operate  by 
the  absorption  of  alcohol  in  the  asbestos  in  the  burners.  Such  stoves 
or  lamps  are  used  to  a  large  extent  for  chafing  dishes,  heating  curl- 
ing irons,  etc.,  and  are  the  most  common  type  of  alcohol  device  on 
the  market  at  the  present  time.     This  type  is  illustrated  by  Fig.  300. 
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Clams  'i.  Stoves  of  the  caiiiUary  uick  cUua.  These  have  a  fount 
under  the  burner  with  a  wick  from  the  burner  into  the  reservoir, 
llie  alcohol  b  raised  by  capillar}-  attraction  and  bums  freely  after 
once  started.  This  t^-pe  of  lamp  must  have  a  pump  or  priming 
device  to  start  the  action.  Vent  tubes  pass  from  the  fount  up  to 
the  burner  through  which  vapor  arising  from  the  atctdtd  m^ 
pans  and  be  consumed  at  the  burner.  This  t>-pe  is  illustzated  t^ 
Fig.  301. 

Class  4.  Stoves  of  the  gmmty  feed  type.  This  class  is  the  type 
of  the  larger  stoves  most  commonly  found  in  use  today.  The  alo^ 
is  stored  in  a  reser\'oir  above  the  burner  and  flows  by  gra>'ity  to  the 
burner.  These  stoves  neces- 
sitate the  use  of  a  priming 
pan  about  the  burner  to 
insure  sufficient  beat  to  va- 
porize the  alcohol  into  gas  as 
it  issues  through  the  burner. 
Flatirons  are  also  an  ad^>- 
tation  of  this  tj-pe.  In  order 
to  start  the  flatiron,  the 
burner,  a  rotmd  p^uBted 
tube  attached  to  the  reaesr- 
voir,  is  removed  and  placed 
in  a  small  special  priming 
pan  in  which  sufficient  al- 
cohol is  burned  to  start  the 
proper  action  of  the  burner. 
.\s  the  cost  of  (U-niiturcti  alcohol  decreases,  these  irons  will 
probaljlx-  find  extended  use.  They  do  excellent  work  nnthout 
jnving  any  discomfort  because  they  do  not  radiate  heat  as  does 
an  ordinary  iron,  and  iin  even  heat  can  be  continuously  maintuned. 
Tins  t\|K'  iif  sto\e  is  illustrated  by  Fig.  302,  and  a  t>-pical  flatiron 
by  Fig.  3t)3. 

Hazards.  Class  1.  This  type  of  burner  so  far  as  efficiency  of 
dlHTatinn  is  eomvrncd  is  really  the  best,  but  there  is  ever  present  the 
\-er\-  real  danger  of  bein;;  upset.  The  presence  of  a  pan  of  burning 
alcohol  makes  tliis  a  serious  hazard.  They  should  be  firmly  fastened 
to  a  table  where  used  with  a  shallow  tra\-  underneath. 
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Class  2.  Iliese  devices  as  commonly  found  are  perhaps  the 
safest  form  of  heating  with  volatile  liquid  fuel  in  common  use  today. 
Oving  to  their  extreme  simplicity,  however,  there  is  a  tendency  to 


make  them  too  cheap.  Care  should  be  taken  to  select  a  type,  from 
well-known  manufacturers,  that  does  not  leak.  This  type  should 
not  be  made  too  large  and  if  so  made,  should  be  avoided. 

Class  3.  It  is  essential  in  this  type  of  stoves  that  wire  gauze  be 
placed  in  the  aii^vent  tubes.  Fire  has  been  known  to  communicate 
with  the  alcohol  in  the  fount  through  these  vent  tubes  and  also 
through  the  pump,  when  explosions  are  thus  made  possible.  The 
safety  of  these  devices  lies  in  proper  design,  and  there  arc  such  stoves 
on  the  market.  The  air  vents  are  small  with  wire  gauze  carefully 
inserted;  the  pumps  are  especially  designed 
so  that  they  are  tight  under  normal  conditions; 
and  the  free  space  between  casing  and  plun- 
ger b  too  slight  to  admit  the  communication 
of  fire  from  the  burner  to  the  contents  of  the 
fount.  This  tjpe  of  construction  makes  the 
oveifloTi'ing  of  the  fuel,  due  to  accidental 
opening   of   the  regulating  valve,  impossible. 

Class  4.  If  the  alcohol  reservoir  becomes 
empty  and  a  flame  is  communicated  to  the  vapor  within,  an  explo- 
sion is  possible.     Tliis  is  not  a  probable  condition.      If  such  an 
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explosion  occurred,  it  b  not  likely  that  a  fire  would  result  Also 
if  the  vent  or  filling  hole  b  of  proper  size,  it  would  relieve  aov 
sudden  pressure  and  there  would  be  no  rupture  of  the  resenw. 

There  b  an  overflow  hazard  in  connection  with  the  use  of  these 
stoves.  If  the  priming  pan  b  carelessl^*^  filled  or  the  regulating  ^1lvf 
is  accidentally  opened  or  tardily  dosed,  the  pan  may  be  ovoflowed. 
The  alcohol  runs  do^n  onto  the  table  and  perhaps  saturates  a  por- 
tion of  the  table  cloth.  The  alcohol  in  the  priming  pan  b  ignited. 
Under  the  influence  of  the  heat,  the  contents  expand  and  overfloir. 
The  flame  will  soon  creep  along  the  trail  of  hot  alcohol  and  in  a 
moment  the  saturated  table  cloth  or  soaked  table  b  all  ablaze.  Owing 

to  thb  hazard  it  b  suggested 
that  a  shaUow  tray  be  pro\ided 
to  protect  the  surface  of  the 
table  or  other  stand  whidi  sup- 
Dorts  thb  stove. 

The  stove  sho^Ti  in  Fig. 
304  illustrates  a  hazard  which 
may  be  introduced  by  an  im- 
proper design.  The  priming 
pan  b  so  small  that  it  is  neces- 
sar>'  almost  completely  to  fill 
it  in  order  to  secure  sufficient 
heat  to  start  the  proper  action 
of  the  burner.  Twent>-five 
drops  more  than  the  necessary  amount  will  overflow  the  pan.  Tht 
hurner  is  also  too  large,  in  relation  to  the  number  and  size  of  jetN 
for  sustaining  the  pn)per  degree  of  heat  to  insure  constant  vapor- 
ization. Liquid  alcohol  is  thrown  out  which  causes  a  puff  of  flame  to 
shoot  up.  Although  this  will  heat  the  burner  and  proper  action 
t'nsue  for  a  while,  as  soon  as  it  cools  down  again,  another  puff 
of  flame  will  result.  This  condition,  both  annoying  and  dangeroit. 
is  due  to  the  poor  design. 

(iviieral  Hazard.  All  of  these  devices  possess  the  hazard  iiui- 
(Icnt  to  their  being  filK»<l  while  burning.  Under  no  cinnunstanoes 
should  any  one  of  them  be  filled  while  in  operation.  M(^t  of  the 
accidents  from  the  use  of  stoves  of  Class  2  have  been  due  to  thb 
causi'.     I'stTs  frequently  attempt  to  fill  the  Class  1  burners  whik 


KiK.  3««       Alcohol  Stove — Claaa  4. 
Note  Small  Priming  Pan  and  Large  Burner 
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in  use.  Such  a  procedure  naturally  invites  a  fire  or  disaster.  Many 
manufacturers  sell  a  special  device  for  filling  the  stoves  while  burn- 
ing. Xone  of  these  should  be  countenanced  and  insurance  companies 
should  exact  a  pledge,  with  forfeiture  of  indemnity  if  violated,  that 
no  alcohol  stoves  shall  be  filled  while  the  same  are  lighted  and  in  use. 
With  this  hazard  practically  eliminated  and  stoves  of  reputable 
makers  in  use,  there  need  be  very  little  apprehension  of  trouble  from 
the  use  of  denatured  alcohol  burning  utilities. 

Qasoline  Cooking  and  Heating  Stoves. 
The  use  of  gasoline  as  fuel  for  domestic  pur- 
poses is  regarded  from  an  insurance  view-  ' 
point  as  much  more  hazardous  than  the  use 
of  ordinary-  fuel,  such  as  coal,  wood,  gas, 
and  coke ;  and  where  used  the  hazard  should 
be  rect^nized  by  underwriters  in  higher 
rates  of  premium.  If  permitted,  the  speci- 
fications for  construction  of  such  devices 
and  for  regulating  the  same  must  be  ob- 
sen-ed  in  order  to  secure  the  largest  meas- 
ure of  safety  to  life  and  property.  Only 
approved  apparatus  should  be  allowed. 

Profad^.  A  few  general  requirements  ^  =«"  a«oiin.  Blow  Torch 
follow,  the  details  of  construction  being  fully  covered  in  the  Rules  and 
Requirements  covering  this  class  of  device. 

Stoves  must  always  rest  on  the  floor  or  a  permanent  foundation  and  never 
on  boxes,  shelves,  or  temporary  aupportsi  they  must  not  be  placed  in  prox- 
imity to  wooden  ahelvee,  cupboards,  or  other  inflammable  material. 


1  burner  grates  at 


1  not  conveniently  be 


Stoves  must  be  of  sufficient  height  to  bring  the  r 
least  24  inches  above  the  floor  or  support. 

Reservoir   must   not  exceed   one   gallaa   capacity. 

Cover  of  tank  must  be  constructed  bo  that  it 
usod  as  a  receptacle  for  matches  or  cooking  uteni^ils. 

The  generator  must  be  initially  heated  by  a.  smokeless  torch  or  a.  burner 
attachment  which  will  obviate  the  use  or  necessity  of  an  open  gasoline  drip  cup. 

Fire  Pots,  Braziers,  and  Torches.  Onl^-  »uch  devices  as  have 
been  approved  and  listed  should  be  allowed.  Even  this  will  not 
remove  the  ever  present  hazard  of  the  plumber's  torch,  such  as 
shown  in  Fig.  305,  which  is  due  to  careless  handling;  the  pres- 
ence of  the  powerful  open  flame  can  not  be  avoided. 
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Fin  pots  and  torches  must  be  so  arranged  that  not  over  one 
gallon  of  gasoline  may  be  supplied  to  the  former  and  not  over  one 
quart  of  gasoline  to  the  latter.  The  generators  must  be  initiaUy 
heated  by  a  smokeleas  torch  or  a  biuner  attachment  which  will 
obviate  the  use  or  necessity  of  an  open  gasoline  drip  cup.  Exptidt 
directions  for  thdr  construction  are  pven  in  the  Rules  and  Require- 
ments, which  are  observed  in  the  devices  Ibted  by  the  Underwriters' 
Laboretoriea. 

Electric  Heating  and  Cookii^.  HeaUng  by  means  of  electridty, 
with  the  exception  of  electric  cars,  is  a  comparatively  new  develop- 
ment, but  undoubtedly  it  is  destined  to  be  used  to  a  greater  extent, 
as  cheaper  and  easier  means  of  converting  electric  energy  into  use- 
ful heat  are  discovered.  The  recent  great  development  in  the  cheap 
production  of  electric  current  has  given  impetus  to  this  line  of 
tndeavor,  and  cooking  stoves  and  ranges  are  now  finding  a  practical 
field  of  use.  The  small  utilities,  such  as  curling  irons  and  flat  irons, 
foot  warmers,  water  heaters,  plate  warm- 
ers, toasters  and  grids,  chaflng  dishes,  ^g 
cookers,  and  other  dining  table  novelties, 
have  already  become  well  estabUshed  in  use, 
and  certain  hazards  incident  to  their  use  are 
causing  many  fires. 

Methods  of  Heating.  The  simplest  method 
consists  of  open  resistance  wires  which 
carrj-  the  current,  and  act  as  the  heat- 
ig  H,  .iririr  Oiler  j^^^  element.  Toasters  and  grids  and 
electric  car  heating  radintnrs  are  typical  examples.  In  the  systems 
in  most  gcncrat  use  at  the  present  time  a  series  of  resistance  coils  is 
emlxKldtd  in  a  special  enamel  to  protect  the  wires,  the  whole  being 
enclosed  in  suitable  metal  cases.  Certain  tj'pes  of  heating  radiators 
and  most  i>f  tlie  ranges,  stoves,  and  small  household  utilities  are  made 
on  this  principle.  In  another  class  of  heaters  which  have  been 
adopted  for  use  as  room  heaters  and  ranges,  the  heating  element  con- 
sists of  a  system  of  incandescent  tamps  of  considerable  size  and  spe- 
<-ial  shapes  arranged  in  a  suitable  screen  or  frame,  which  radiate  the 
heat.  In  these  lamps  the  vacuum  is  imperfect,  and  the  oxj'gen  left 
in  the  tubes  gives  the  required  heat.  An  electric  heater  is  shown  in 
Fig.  306  and  a  cooking  stove  in   Fig.  307. 
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Haaardg.  The  usual  precautions  should  be  taken  with  all  types 
of  apparatus  that  are  taken  with  other  heat-^ving  elements,  as  well 
as  the  usual  precautions  with  regard  to  electric  wiring.  The  princi- 
pal danger  consbts  in  the  pro- 
miscuous use  of  the  devices  that 
can  readily  take  current  from 
light  sockets  with  the  conse- 
quent danger  of  overloading  the 
circuits.  The  other  great  source 
of  danger  arises  from  careless- 
ness in  leaving  the  irons  and 
other  apparatus  about  on  in- 
flammable material  with  the 
current  on. 

Electric  Iroru.  Perhaps  the 
greatest  liazard  today  is  that 
offered  by  the  use  of  the  elec- 
tric iron  such  as  shown  by  Fig. 
308.    The  convenience  of  this 

J       .       ,  ,     .,  ,  Fig.  307.     Elecirie  Cook  8lov« 

device  has  made  it  very  popular 

and  its  use  is  daily  becoming  more  general  not  only  in  the  homes, 

but   in  laundries,  tailor  shops,  and  cleaning  and  dyeing  establish- 

mects.    Fires  are  constantly  reported  as  being  caused  by  these 

A    irons  overheating,  resulting  from  the 

^^     failure  of  the  operator  to  detach  them 

M^^^^^^B^^^r         or  turn  off  the  current. 

^^^^^^^^^^^^  The  National  Board  has  designed 

\  ^^^k      an  installation  for  electric  irons,  which 

^^^^^^^^^^^^^^       consists  of  a  small  one-candle  power 

^^^^^^^^^^B  red  light  to  be  placed  in  the  connec- 

^^^^^^■^^^^  tion  below  the  lamp  socket;  the  idea  is 

that  the  burninE  of  this  red  liitht  will 

Fit  308.     El«trie  Ftoliron  ,        ,  ,  ■ 

suggest  the  delflching  of  the  connection 

or  the  turning  off  of  the  current  in  case  the  iron  should  be  laid  aside. 

Cbinmeys   and    Flues.*     The    South    Eastern     Underwriters 

Association  has  promulgated  the  following  excellent  suggestions  for 

the  standard  construction  of  chimneys  and  flues: 
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All  main  chimneya  for  firepUciB  or  fumacw  abould  be  well  and  aennlt 
built  from  the  groUDd  up  and  tbrough  the  buildins  to  m  point  at  leM  3  f«ct 
above  flat  roof  and  2  feet  above  ridge  of  peak  roof  of  much  buildins;  iIk  wiDi 
of  chimoeys  should  be  of  stone  w  briek  at  least  8  incbea  in  ttuckuH  lif  fin- 
place  is  of  stone  same  miut  be  12  incbea);  and  b^inning  irith  f oundatioe  mft 
brickwork  or  stonework  sbouM  be  laid  in  cement  mortar  np  to  tbe  fini  Bogr; 
but  tbence  above  to  a  point  where  cliimne;  protnidea  thfouih  tbe  mf  d 
building,  the  brickwork  or  stonework  may  be  laid  in  good  lime  or  &n-tbj 
mortar,  and  brickwork  carefully  bonded  or  anchored  together.  From  tad 
above  tbe  roof  to  top  of  chimney  the  brickwork  or  stonework  shall  be  laid  ■ 


trro   eelTa.  storte     or 
tost    iron  ana     careftllg 
bondea     or     onchorta 


cciiienl  mortur  and  properly  capped.  All  joints  to  be  struck  smooth  «« 
inriidi.'  cxrcpi  whfn  lined  wilh  burnt  clay  or  terra  cotta  pipe. 

In  brick  buildings,  the  walls,  when  not  less  than  13  inches  in  ihickiiKf. 
may  form  p;irt  of  rhimncy  or  flue.  In  no  case  shall  a  chimney  or  flue  be  cor- 
beled out  more  than  S  inches  from  the  wall  and  in  al!  tta&n  the  corbeling  di^ 
consist  of  lit  li-asi  five  courses  of  brick,  flues  in  pariy  walls  mu:<t  not  eneni 
br-yond  tht nirr  <if  .■<aid  walls. 

When  tttii  (ir  more  neparate  flues  are  provided  in  a  chimney,  the  division 
walls  between  flues  are  to  be  only  4  inches  in  thickness.  No  chimney  shouU 
be  starte<l  or  built  upon  any  floor  or  beam  of  wood.  When  a  chimney  or  flue 
is  to  be  cut  off  below,  in  whole  or  in  part,  it  must  be  wholly  supported  by  bricL 
work  or  stonework  properly  erected  from  the  ground  up.  Single  chimneys 
or  flues  for  stoves  or  kitchen  rangex  may  have  the  walls  only  4  inches  in  thick- 
ne^.     The  upper  jiarl  of  chimney  or  flue  walls  may  be  only  4  inches  in  thick- 
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'/re.  clay     lining  pip9 

7      jecf-t'ans     not   /e»s 
Th  an      «2-f  "     /any. 


"ifrups  onef  sti'ap9  of  r?syv 
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Deas,  from  a  point  at  least  6  inches  above  the  roof  covering  of  building  to  the 
top  of.chimney  or  flue,  provided  the  chimney  or  flue  be  capped  with  terra  cotta, 
stone,  or  cast  iron,  or  carefully  bonded  or  anchored  together. 

No  wood  casing,  furring,  or  lath  or  other  woodwork  shaU  be  placed  in, 
against,  or  wit hin  2  inches  of  chimney  or  flue.  All  wood  beams  shaU  be  trimmed 
away  from  all  flues  and  chimneys  at  least  2  inches.  (See  undo*  "Fireplaces" 
for  further  reference  to  illustrated  discussion  of  their  proper  construction.) 
Tile  chimneys  and  the  use  of  sewer  pipe  should  not  be  allowed.  Chiomeys 
should  be  lined  with  fire  clay  brick  or  fire  clay  tiling  which  are  eBpeoMBy 
constructed ,to  withstand  heat,  sulphurous  acid,  and  changes  in  temperature. 
These  cost  less  and  are  more  efficient. 

Stove  Flues.  In  certain  sections  of  the  country  where  the  climate 
is  mild,  the  custom  prevails  of  using  no  chimne>^  or  of  using 
chimneys  built  from  the  ceiling  up  to  acconmiodate  the  smoke 
flues.  Where  such  a  condition  prevails,  flues  should  be  constructed 
in  a  manner  similar  to  that  proposed  by  the  South  Eastern  Under- 
writers Association,  which  is  as  follows: 

Stove  flues  shall  be  constructed  of  hard  burned  brick  laid  flat  in  cement 
mortar  and  shall  be  not  less  than  16  inches  square  from  base  to  top,  lined  with 
fire-clay  piping  in  sections  not  less  than  24  inches  long.  Flue  to  be  hung  on 
iron  stirrups  of  new  iron  of  not  less  than  }  by  1}  inches,  bent  to  come  at  least 
2  inches  below  surface  of  ceiling  or  on  other  approved  metal  supports  conform- 
ing with  thcHc  requirements.  No  flue  is  to  be  less  than  3  feet  above  flat  roof 
and  2  feet  above  ridge  of  peak  roof. 

A  view  of  such  an  arrangement  is  shown  in  Fig.  309,  a  plan  in  Fig. 
310,  and  special  detail  of  the  arrangements  for  hanging,  and  the  lining 
ill  Fig.  311. 

POWER  AND  TRANSMISSION 

The  generating  equipment  for  power,  whether  by  steam,  elec- 
tric, or  internal  combustion  engine,  should  be  located  preferably  in  a 
detached  power  house  of  substantial  brick  construction  or  in  a  fire- 
proof room  properly  cut  off  from  main  building.  It  is  essential  to 
understand  the  various  types  of  power  units  and  the  nature  of  their 
hazards  so  that  they  may  conform  to  certain  rules  made  for  their  con- 
struction and  safe  installation.  The  greatest  number  of  fires  attribu- 
table to  power  is  due,  however,  to  the  hazards  of  friction  and  trans- 
mission and  they  will  be  considered  under  separate  heads. 

Water.  Although  wheel  pits  are  more  or  less  damp  and  wet  at 
all  times,  fires  are  ai)t  to  originate  there.  The  heavy  bearings,  if 
neglected,  heat  up  and  ignite  the  surplus  gummed  grease  that  accu- 


VIO 


COMMON  AND  SPECIAL  HAZARDS 


461 


mulatfis.  Lant  and  other  inflammable  material  often  accumulate 
iu  this  place.  Such  places  should  always  be  protected  by  auto- 
matic sprinklers.  Tailraces  should  also  receive  thought  and  care 
Burning  material,  such  as  kerosene,  may  float  into  them  upon  the 
surface  of  the  water.  The  fore-bay  should  be  planked  above  the 
highest  rise  of  water,  and  the  water  wheel  securely  blocked  when 
the  mill  is  stopped  at  night  or  on  holidays,  to  prevent  freshets  from 
running  the  mill  while  unattended  and  causing  fire  from  friction. 
Water  wheels  should  be  located  preferably  outside  of  main  factory, 
but  may  be  located  inside  a  factory  of  standard  mill  construction. 

Steam.  Few  fires  liave  originated  within,  or  directly  due  to 
presence  of,  a  steam  engine.  One  or  two  fires  have  been  recorded 
due  to  the  combustion  of  the  wood  lagging  from  long  contact  with 
the  cylinder  of  the  en^ne.  The  low 
basements  which  prevail  under  an  en- 
^ne  room  floor  and  in  the  pits  around 
the  engine  or  fly  wheel  are  likely  to  be 
the  breeding  spots  of  fire  due  to  the  col- 
lection of  oil,  oily  waste,  and  other  com- 
bustible material.  In  a  building  of 
standard  mill  construction,  the  engine 
must  be  located  in  a  one-story  cutoff 
secdoD.  Steam  mains  from  boiler  to 
engine  should  be  well  protected  by  in- 
sulating lagging.  As  these  mains  carry 
steam  at  high  pressure,  and  perhaps  su- 
perheated, great  care  should  be  taken  to 
protect  pipes  if  they  pass  through  or 
near  any  combustible  material. 

Qas  Engines.    Only  approved  en- 

gmes  should  be  allowed  and  they  should     ^'*'  ^'^'   *^"  "'  ^"°^'"'  •^°«"" 

be  installed  according  to  the  rules  which  have  been  made.  Engines 

should,  if  possible  be  located  on   the  ground    floor.  Fig.  312,  and 

in  rooms  where  inflammable  flyings  prevail,  the  engine  should  be 

enclosed  in  a  well  ventilated  compartment.     If  locatiHl  on  a  wood 

floor,  the  floor  under  and  24  inches  outside  of  the  engine  must  be 

covered  with    metal.     Piping  should  be  providc<l  with  a  shut-<iff 

valve  located  in  an  accessible  place  on  the  service  side  of  the  pressure 
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n^fulator,  and  the  piping;  and  outmections  muiit  run  as  direct  as 
possible  and  be  thoroughly  tested  before  l>eing  placed  id  service. 

Protection  of  Hazards.  The  principal  hazard  consists  in  the 
muffler,  or  exhaust  pot,  and  the  exhaust  pipe.  These  are  liable  to 
become  verj'  hot.  Muffler,  or  exhaust  pot,  should  be  placed  on  a 
firm  foundation  and  kept  at  least  one  foot  from  woodwork  or  com- 
bustible materials;  it  must  be  covered  with  approved  non-combustible 
insulating  material  of  a  thickness  proportionate  to  the  size  of  the 
device,  in  no  case  to  be  less  than  three-quarters  of  an  inch.  Exhaust 
pipes  should  extend  to  the  outside  of  the  building  and  be  kept  prop- 
erty supported,  at  least  6  inches  from  any  woodwork  or  combustible 
material;  and  if  run  through  floors  or  partitions  they  are  to  be  pro- 
vided with  ventilated  thimbles  at  least  6  inches  latter  io  diameter 
than  the  pipe ;  and  the  vertical  portion  of  a  pipe  that  passes  througfa  a 
floor  must  be  covered  with  approved  non-combustible  irmiiUring 
material.  In  no  case  should  they  discharge  into  a  chimney.  As 
^  these  pipes  are  liable  to  become  very  hot 

I    "  they  should  have  additional  protectioo  where 

1^  dust  or  inflammable  flyings  are  present. 

^^^k  Om  Regulator.    A  gas  regulator  is  an  ap- 

JH^^K  paratus  designed   (1)  to  equalize  the  gas 

9   '  |^^^^^,^_   pressure  between  the  meter  and  engine  (the 
^^^\^  s<iurtf  of  supply  and  the  gas  engine),  regard- 

^^^^j^^P  li'ss  i>f  the  \'uriations  in  pressure  in  the  gas 

^^^m^^  system;  and  (2)  automatically  to   shut  off 

■  tile  supply  when  the  engine  stops.  Gasbags, 

-    I  if  used,  must  b<'  enclosed  in  a  substantial  gas- 

Fin  313    <i"  Knitini'  Vrcr-sure    tijilit  mctal  drum  of  approved  construction .v 
vented  to  the  outer  air  through  a  pipe  user^ 
for  no  other  puriM>se    Such  an  arrangement  is  shown  in  Fig.  313. 

Only  an  ap]>roved  pressure  regulator  should  be  allowed.  Suciki 
a  (i('\ice  consists  mainly  of  three  parts,  \u,  a  cast-iron  enclosure  coi^^ 
sisting  of  two  castings  bolted  together,  a  leather  diaphragm  hel^— 
Ix'twccn  these  two  castings,  and  a  valve  which  controls  the  admi:^s= 
sion  of  gas  to  the  upper  part  of  the  enclosure  and  thence  to  the  engin^^ 
The  controlling  valve  rises  only  when  the  engine  takes  the  inducticr^^ 
charge  or  when  raised  by  hand  by  means  of  an  eccentric  which 
employed  when  starting  the  engine.     The  diaphragm  b  made  of  sk 
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and  separates  the  interior  portion  of  the  two  castings  into  an  upper 
and  a  lower  chamber.  A  suction  of  gas  at  the  engine  produces  a  par- 
tial vacuum  in  the  upper  portion  of  the  equalizer  and  thus  causes  it 
to  rise  at  the  center.  This  raising  of  the  diaphragm  transmits  its 
motion  to  the  valve  which  b  consequently  raised,  thus  allowing  the 
admission  of  gas.  With  all  parts  assembled,  there  is  no  possibility 
of  gas  escaping  into  the  room,  as  there  is  a  vent  which  is  piped  to  the 
outside  and  this  vent  pipe  is  provided  with  a  valve  to  detect  any  pos- 
sible leakage  of  gas  past  the  diaphragm. 

Where  not  otherwise  provided  for,  the  regulator  should  be 
arranged  with  an  automatic  gas  shut-off  to  prevent  the  flow  of  gas 
into  the  room  in  case  engine  shuts  down  from  any  cause. 

Qasoline  Engines.  Only  approved  engines  should  be  permitted 
and  they  should  be  located  in  a  manner  similar  to  that  of  gas  engines. 
Supply  tank  must  be  located  outside  the  building,  underground^  where 
possible,  at  least  30  feet,  but  never  less  than  5  feet,  removed  from  all 
buildings  and  below  the  level  of  the  lowest  pipe  in  the  building  used 
in  connection  with  the  apparatus.  If  impracticable  to  bury  the 
supply  tank,  the  same  may  be  installed  in  a  non-combustible  build- 
ing or  vault,  properly  ventilated,  preferably  from  the  bottom,  always 
remembering  that  the  tank  must  be  below  the  level  of  the  lowest  pipe 
m  the  building  used  in  connection  with  the  apparatus.  Auxiliary 
inside  supply  tanks  should  not  be  used.  The  engine  base  should  not 
be  used  for  storage  of  gasoline  or  any  other  material.  Specific  rules 
govern  the  installation  of  piping,  which  should  always  be  observed. 
Muffler  or  exhaust  port  and  exhaust  pipe  must  be  treated  as  for  gas 
engine,  and  the  same  rules  apply  as  to  care  and  attendance. 

Portable  Gasoline  Engines.    In  this  class  are  included  so-called 
"self-contained"  engines,  mounted  on  wheels,  or  on  skids,  or  other- 
Wise  so  arranged  as  to  be  conveniently  moved  from  place  to  place  as 
the  necessities  of  the  service  may  demand.    These  engines  are 
I'egarded  from  an  insurance  viewpoint  as  more  hazardous  than  sta- 
tionary engines  having  separate  underground  storage  tanks,  and 
^liould  not  be  used  as  a  substitute  for  stationary  engines.    Where 
^Ased,  their  hazards  should  be  recognized  by  UnderwTiters  having 
J^larisdiction,  and  the  rules  and  precautions  rigidly  observed. 

Fuel  Oil  Eiq^nes.    These  are  substantially  constructed,  internal 
^mbustion  engines  designed  to  operate  on  crude  oil,  distillates,  or 
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kerosene.  They  utilize  the  heat  of  combustion  and  compression 
retained  in  the  walls  of  a  special  vaporizing  chamber  for  igniting  the 
charge.  Initial  heating  is  accomplished  by  a  stationary  gas  or  kero- 
sene blow  torch.  The  same  rules  for  installation,  etc.,  apply  as  for 
gasoline  engines.  Crude  oil  possesses  characteristics  similar  to  those 
of  gasoline,  and  its  storage  and  use  should  be  governed  by  the  rules 
and  requirements  for  fuel  oil  systems. 

Producer  Qas  Systems.  In  the  most  familiar  process  of  gas 
making,  the  manufacture  of  coal  gas,  the  coal  is  subjected  to  destruc- 
tive distillation.  The  resulting  gas  is  high  in  illuminating  qualities 
and  has  a  relatively  high  heat  value.  In  this  process  a  valuable 
by-product  is  coke.  In  another  process  of  making  gas  from  coal 
a  moderate  supply  of  air,  with  or  without  vapor  or  steam,  is  passed 
through  a  thick  fuel  bed.  By  the  proper  regulation  of  this  air  sup- 
ply, a  partial  or  incomplete  combustion  of  the  fuel  is  maintained, 
resulting  in  the  gradual  consumption  of  all  the  combustible  matter. 
The  coke  instead  of  remaining  as  a  by-product,  as  in  the  process 
previously  mentioned,  is  utilized  in  making  the  gas.  Gas  generated 
by  this  meth(xi  is  known  as  producer  gas,  and  the  apparatus  in 
which  the  gas  is  made  is  called  the  gas  producer. 

As  it  is  probable  that  the  producer  gas  system  of  power  genera- 
tion will  find  a  rapidly  increasing  use  in  this  country',  it  seems  desir- 
able to  consider  in  detail  the  types  of  systems  and  the  principle  and 
metluKi  of  their  operation,  so  that  their  characteristics  and  hazards 
inav  l)e  well  understood. 

Tifpvs.  Three  distinct  types  of  these  plants  have  been  com- 
mercially nianiifacturtHl  in  the  United  States:  (1)  the  suction  type; 
(2)  the  pressure  tyi)e;  and  (3)  the  down-draft  type.  Besides  these 
tliree,  a  combination  of  the  principles  of  up-draft  and  down-draft 
has  recently  been  brought  forward  in  the  double-zone  producer. 
Probably  73  to  SO  per  cent  of  the  demand  for  power  is  for  units  below 
300  h.p.  For  such,  where  suitable  fuel  is  available,  the  suction  plant 
is  primarily  designed.  It  costs  less,  occupies  less  space,  requires  less 
labor,  and  has  perhaps  a  little  higher  efficiency  in  daily  serxice, 
esi)ecially  if  the  pressure  plant  has  an  independent  boiler.  By  com- 
bination of  units  any  desired  horsepower  can  be  attained.  They 
may  also  be  modified  to  deliver  gas  under  pressure,  an  expedient 
especially  serviceable  where  gas  is  desired  for  heating  and  power. 
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■SiuHoti  Producer  Plants.  The  essential  parts  of  a  suction  pnt- 

-dlica  pUnt  are  th^  gas.  generator,  or  furnace;  the  steam  generator, 
at  boiler;'  and  the  gas  cleaner,  or  scrubber.    A  fire  is  made  with 

'ShAvill^i  wood,  etc.,  on  the  grate  a.  Fig.  314,  of  the  gas  generator, 
tiw  air  necraaary  for  combustion  being  supplied  by  means  of  the 
blower  at  t.    As  soon  as  the  fire  is  sufficiently  kindled,  the  fuel  to  be 

.nied  for  gas  making — charcoal,  coke,  or  anthracite — is  gradually 
chMged  into  the  producer.  The  blower  for  the  air  supply  is  driven 
by  hind,  or  in  lai^  plants  by  electric  or  other  power,  until  gas  of 

.gnfBcientljr  good  quality  to  operate  the  en^ne  is  generated.  The 
fgamHty  of  the  gas  is  roughly  ascertained  by  means  of  a  test  cock  at 

■iriucih  the  gas  is  lighted.    As  soon  as  the  test  flame  shows  the  right 


',  which  can  be  readily  determined  after  a  little  experience,  the 
gas  is  turned  into  the  en^ne.  The  smoke  and  poor  gas  developed 
during  the  early  stages  of  combustion  are  discharged  into  the  out- 
adfl  air  by  means  of  the  purge  pipe  shown  at  c.  As  soon  as  the 
fn^ne  is  started,  the  blowing  of  the  producer  is  stopped  and  the 
necessary  combustion  is  drawn  into  the  base  of  the  producer  by 
neans  of  the  engine  cylinder.  At  b  is  shown  the  steam  generator 
or  Ixnier  for  this  particular  type  of  producer.  Steam  at  atmospheric 
IKnuie  is  generated  by  the  heated  gas  which  leaves  the  producer 
at  the  point  d  and  enters  the  boiler  through  the  pipe  e  on  its  way  to 
the  smibber.  The  steam  thus  generated  is  picked  up  by  the  air 
'  iiin>ly  pas^g  into  the  base  of  the  producer.  The  mixture  of  air 
:  md  steam  is  then  drawn  up  through  the  incandesot-nt  fuel  bed.    The 
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ox^'gen  of  the  air  and  the  ox>'gen  of  the  steam  combine  with  the 
highly  heated  carbon  in  the  lower  part  of  the  bed,  producing  com- 
plete combustion  and  developing  carbon  dioxide.  The  gas  thus 
formed  passes  up  through  a  thick  fuel  bed  above  and  the  carbon 
dioxide  is  largely  reduced  to  carbon  monoxide.  The  hydrogen  lib- 
erated by  the  decomposition  of  the  steam  greatly  enriches  the  product. 

Purifying  the  Gas.  The  gas  after  lea\nng  the  boiler  at  the  point 
/  passes  to  the  base  of  the  scrubber  g.  The  scrubber  is  usually  a 
cast-iron  or  sheet-steel  tower  in  which  the  dust,  soot,  tar,  and  other 
impurities  are  removed  from  the  gas.  As  usually  constructed,  it 
consists  of  a  simple  cylindrical  shell  filled  with  coke,  over  which  water 
is  sprayed.  The  dirty  hot  gas  enters  the  base  of  the  scrubber  and 
flows  upward;  it  is  divided  in  passing  through  the  coke  into  separate 
streams  which  are  met  by  a  fine  water  spray  flowing  in  the  opposite 
direction.  The  gas  and  the  water  are  thus  brought  into  intimate 
contact,  and  the  particles  of  dirt  and  other  foreign  matter  carried  by 
the  gas  are  largely  washed  out.  The  wash  water  from  the  scrubber 
passes  into  a  water  seal  shown  at  A,  from  which  it  overflows  into  the 
drain,  or,  in  large  installations,  into  a  settling  basin  or  reservoir.  If 
the  gas  is  to  be  used  in  an  engine  it  is  essential  that  it  be  thoroughly 
freed  from  gritty  material  in  order  to  prevent  scouring  of  the  engine 
cylinders.  It  is  equally  important  that  tarry  compounds  be  removed 
ill  order  to  prevent  clogging  of  the  engine  valves  and  governor.  The 
gas  enters  the  scrubber  at  a  relatively  high  temperature  (500*^  to  1000° 
F.)  and  leaves  it  at  about  atmospheric  temperature,  going  to  thb' 
engine  as  a  comparatively  dry,  clean,  cool  gas. 

Dry  Scrubbing,  In  some  plants  after  the  gas  leaves  the  wet 
scrubber  it  is  passed  through  a  dry  scrubber.  This  consists  of  a 
chamber  filled  with  excelsior,  shavings,  or  other  similar  material 
which  removes  a  large  portion  of  the  moisture  and  also  tends  to  take 
out  any  of  the  impurities  which  may  have  escaped  the  water  spray. 
Just  before  passing  to  the  engine,  the  gas  is  usually  carried  througl 
some  form  of  expansion  chamber  or  regulating  tank  which  serves 
prevent  serious  fluctuations  in  the  draft  through  the  fuel  bed  an 
also  tends  to  supply  the  engine  uniformly  with  gas. 

Action  of  the  Engine.    The  gas  together  with  enough  air 
form  an  explosive  mixture  with  it  is  drawn  into  the  engine  cyhnde 
during  the  suction  stroke.     One  of  the  advantages  of  the  suctio 


4a^ 


COMMON  AND  SPECIAL  HAZARDS 


467 


type  of  producer  is  that  the  supply  of  air  and  steam  passing  through 
the  fuel  bed,  and  consequently  the  quantity  of  gas  generated,  is 
largely  regulated  by  the  demands  of  the  engine.  The  designers  of 
plants  endeavor  to  procure  simple,  automatic  devices  to  produce 
this  important  theoretical  condition  in  regular  operation,  and  some 
of  the  plants  on  the  market  are  very  satisfactory  in  this  respect. 

Fueli.  Fuels  containing  a  large  percentage  of  tar  are  not  suit- 
able for  use  in  the  suction  producer;  hence,  the  fuels  regularly  used 
In  such  plants  are  charcoal,  coke,  and  anthracite.  Gas  producers 
are  ordinarily  charged  with  coal  by  filling  some  form  of  hopper  either 
by  hand  or  from  an  overhead  chute.    By  releasing  the  "bell"  or 


conical  casting  closing  its  lower  opening,  the  charge  falls  and  is  fairly 
spread  in  the  producer.  The  attendant,  using  a  spreading  bar 
inserted  through  the  poker  holes  in  the  top  plate,  completes  its  dis- 
tribution. The  Bildt  automatic  feed  continuously  delivers  the  coal 
in  a  shower  from  the  deflecting  surfaces  of  a  constantly  rotating  dis- 
tributer. It  has  a  storage  magazine  which  requires  filling  at  longer 
intervals  than  in  ordinary  charging.  Such  a  feed  is  shown  in  Figs. 
315  and  316. 
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PreMnre  Produeer  Plants.  Like  the  suction  producer  plant,  the 
up-draft  plant  has  the  foUon-infi  essential  parts:  a  gas  produce,  or 
generator;  a  steam  generator,  or  boiler;  and  a  gas  cleaner,  or  scrubber. 
Pressure  producers  were  devised  to  meet  the  demand  for  the  con- 
centration of  power  in  fairly  large 
units  instead  of  the  separate  opmi- 
tion  of  a  large  number  of  installations 
of  small  power  capacity'.  These  pro 
ducers  develop  their  gas  under  a  sli^t 
pressure  due  to  the  introduction  of 
the  air  and  steam  blasts,  and  the  gas 
is  stored  in  holders  until  required  by 
the  engine.  As  the  generation  of  the 
gas  does  not  depend  on  the  suction 
'  stroke  of  the  en^ne,  tar  and  otha 
impurities  may  be  removed  from  it 
by  suitable  devices,  and  hence,  the 
use  of  bituminous  coal,  lignite,  and 
peat  is  possible.  Various  details  ol 
design  are  modified  by  different  manu- 
facturers. Some  of  these  changes  are 
made  simply  to  satisfy  the  require- 
ments necessary  to  obtain  a  patent; 
others  are  made  with  the  idea  that 
th«'\'  are  decided  impro\ements.  A 
gas  holder  is  also  regarded  b\'  man}' 
as  cntirel\'  unnecessary.  Plants  of 
sf\(TaI  tjpes  are  manufactured  with* 
^"  iil't'i.r.^'A-}'.'r:lM.''"m,i'(*!l)!unu'''''  t*"^  such  holders  and  are  pro\ing 
i,u^  ,  uiu.i:..!!.    i.  eminently  satisfactory  in  commercial 

practice.  In  discanling  the  holder  automatic  devices  must  be  intro- 
tliiccd  fur  coutnilliiig  the  pressure  and  the  supply  of  gas  to  the  engine. 
Spcvial  I'sr.ifor  Prixliiirr  OiDt.  Besides  furnishing  gas  for  power 
pun'oses,  i>nidu(('r  jiiis  sjstems  are  being  found  \'ery  desirable  for 
special  purposes  in  supplying  heat  for  furnaces  in  chemical  works; 
gla.ss  furnaces;  brick,  pottery,  and  terra  cotta  kilns;  lime  and  cement 
kilns;  ^ugar  house  cluir-kiliis;  silver-chlorination  and  ore-roasting 
furnaces;  and,  ivlien  suitably  cleaned,  it  serves  admirably  for  many 
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low-temperature  operations,  such  as  laundry  irons,  can-soldering 
plants,  etc.,  requiring  small  flame  or  jet  work. 

Hazards  of  Suction  Producers.  Taken  as  a  whole  the  hazard 
introduced  by  a  producer  plant  of  the  suction  type,  well  installed 
and  properly  cared  for,  is  small.  Only  producers  which  meet  with 
the  approval  of  the  Laboratories  should  be  allowed.  When  placed 
within  the  building,  the  room  where  the  producer  is  installed  should 
be  a  cut-off  room  of  fire-resistive  construction,  well  ventilated  at  top 
and  bottom.  Only  metal-charging  platforms  and  ash  cans  should  be 
provided.  Care  should  be  taken  when  shutting  down  and  lighting 
the  burners.  Vent  connections  should  always  be  opened  at  such 
times.  The  heat  energy  of  producer  gas  is  about  125  B.T.U.  As 
compared  with  naphtha  gas  (about  2,000  B.T.U.),  this  is  very  small. 
These  figures  give  about  the  relative  power  of  an  explosion  due  to 
these  gases.  Explosions  of  producer  gas  have  taken  place  and  are 
usually  due  to  tardiness  in  lighting  burners  when  starting  up,  or  neg- 
lect to  turn  off  gas  in  producer  when  closing  down.  The  explosions 
take  place  inside  the  apparatus  and  in  all  probability  would  relieve 
themselves  either  through  the  explosion  vents  installed  for  the  pur- 
pose, or  lift  the  poke  hole  vents  or  feeding  device,  since  these  are  not 
tightly  secured  to  top  of  producer.  It  should  be  noted  that  the 
instaUation  of  suction  gas  producers  in  cellars,  basements,  or  other 
places  where  artificial  light  will  be  necessary  for  their  operation,  or 
where  proper  ventilation  can  not  be  obtained,  is  considered  hazard- 
ous and  should  not  be  permitted  except  by  special  permission  of  the 
underwriters  having  jurisdiction.  If  the  producer  has  a  capacity  of 
more  than  250  h.p.,  it  must  be  located  in  a  detached  building. 

Hazards  of  Pressure  Producers.     Pressure  systems  are  consid- 
ered more  hazardous  than  producers  of  the  suction  type.    They 
should  be  located  in  a  special  building  approved  for  the  purpose,  at 
such  distance  from  other  buildings  as  not  to  constitute  an  exposure 
thereto;  nevertheless,  approved  pressure  systems  without  gasometer, 
having  a  maximum  capacity  not  exceeding  250  h.p.  and  with  pressure 
ui  generator  not  exceeding  two  pounds,  may  be  located  in  the  build- 
*'^g»  provided  that  the  generator  and  all  apparatus  connected  there- 
^'ith  be  located  in  a  ^parate  fireproof  room,  well  ventilated  from 
^^  outside  of  the  building.     In  all  other  respects  the  apparatus 
^Ust  comply  with  the  requirements  for  suction  systems. 
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Electric  Power.  This  conveniei^t  form  of  power  has  rapidly 
increased  in  extent  and  scope  during  the  past  few  years.  With  the 
increasing  interest  in  water  power  development,  it  is  bound  to  find 
even  greater  use.  The  hazards  of  electric  power  are  practically  the 
same,  whether  the  electricity  is  generated  at  a  remote  hydro-electric 
generating  station  or  within  the  power  house  of  the  factory*  itself. 
All  electric  power  systems  and  equipments  should  be  installed  m 
strict  conformity  to  the  National  Electrical  Code. 

Hca^rds.  All  electrical  apparatus  have  the  inherent  hazard 
incident  to  the  production  of  heat.  It  is  impossible  to  design  a  prac- 
tical motor  or  generator  in  which  the  temperature  of  the  coik  ^ill 
not  increase  when  the  machine  b  in  operation.  In  a  well-designed 
machine,  run  at  the  normal  load,  this  heating  is  not  dangerous  under 
ordinary  conditions. 

Direct  current  motors  should  never  be  permitted  in  a  building 
containing  more  than  the  average  amount  of  dust,  unless  encased  in 
strictly  dust-proof  cabinets  or  in  separate  rooms  free  from  dust. 
Alternating  current  motors  without  slip-rings  or  starting  conunutator 
are  generally  considered  free  from  fire  hazards.  However,  the  haz- 
ard from  currents  is  greater  in  an  induction  motor  than  in  a  brush 
motor;  and  the  rules  for  wiring  these  should  be  strictly  followed. 

Rheostats,  such  as  are  used  for  starting  motors  or  controlling 
the  voltage  of  generators,  produce  heat  under  normal  working  condi- 
tions. The  ordinary  starting  box,  if  properly  used,  does  not  have 
current  flowing  through  its  resistance  coils  for  more  than  a  few  min- 
utes at  a  time.  The  current  flowing  in  the  field  rheostat  of  a  gener- 
ator is  too  small  to  be  dangerous.  Si)eed-control  rheostats  are  more 
likely  to  cause  trouble,  since  they  carry  continually  a  comparatively 
large  current. 

Careless  use  of  t(X)ls  around  live  conductors,  hasty  boring  of 
holes  through  partitions  carrying  charged  cables,  shipping  of  mem- 
bers and  j)iiK'h-l)ars  into  the  vicinity  of  bus-bars,  and  cutting  out 
fuses  by  coj){)er  jumpers  across  the  terminals  are  common  troubles 
experienced  in  i)o\vtT  stations. 

Friction  and  Lubrication.  The  hazard  of  power  resolves  itself 
largely  into  one  of  friction,  due  to  moving  parts,  and  the  value  of 
l)ro|HT  lubrication  to  prevent  fires  should  Ik*  understcKxl. 

Edward  Atkinson,  many  years  ago,  noted  that  manv  destruo 
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tive  fires  had  originated  from  hot  bearings  especially  on  main  shafts. 
A  study  of  lubrication  was  made  and  it  was  found  that  in  55  mills 
of  a  certain  class,  where  there  was  no  good  reason  for  any  variation 
in  the  cost  of  lubrication,  the  average  price  paid  for  oil  varied  from 
twenty-nine  cents  to  one  dollar  and  five  cents  per  gallon.  In  the 
investigation  that  followed,  it  was  found  that  there  was  but  one  well- 
distilled  and  safe  mineral  oil  for  lubrication  to  be  found,  and  that 
was  made  under  a  patent.  The  agitation  which  followed  forced 
other  manufacturers  to  adopt  similar  methods  of  manufacture  and 
mineral  lubricating  oils  are  now  made  of  various  qualities  more  or 
less  fluid  and  more  or  less  filtered,  but  mostly  free  from  objectionable 
vegetable  oils,  non-volatile,  and  with  a  greater  uniformity  in  price. 

Transmission.  The  principal  means  of  transmitting  power  are 
by  shafting,  belt  drives,  chain  drives,  and  direct-connected  electric 
motors.  The  last  may  be  eliminated  from  this  part  of  the  discus- 
sion as  being  a  hazard  of  electricity,  which  has  already  been  described. 
These  hazards  should  be  carefully  investigated  and  properly  guarded 
against. 

Shafting.  Many  fires  are  caused  by  shafting.  All  shafting 
should  be  well  hung  and  provided  with  self-oiling  bearings.  Bearings 
should  be  kept  clean,  and  combustible  material  should  not  be  allowed 
to  collect  on  or  aroimd  them.  Shavings  should  not  be  placed  in  con- 
cealed spaces,  especially  where  liable  to  catch  flyings  and  other  inflam- 
mable material.  In  sprinklered  factories,  shafting  in  low  basements 
or  in  trenches,  or  in  locations  otherwise  unprotected,  should  have 
Imes  of  sprinklers  overhead. 

Belts  and  Pulleys.  Numerous  fires  have  been  caused  by  pulleys, 
espedally  by  the  wood  pulley  arid  the  loose  pulley.  The  nature  of 
belt  used  and  the  speed  of  the  machinery  are  factors  which  influence 
the  fire  hazard.  Exhaustive  tests  were  made  under  the  direction 
of  the  Miller's  Mutual  Fire  Insurance  Companies  on  the  use  of  can- 
vas belts,  rubber  belts,  and  leather  belts  on  both  wood  and  iron 
pulleys.  Details  of  these  tests  are  given  in  the  October,  1911, 
Quarterly  of  the  National  Fire  Protection  Association.  The  experi- 
ments proved  that  the  only  safe  combination  is  the  canvas  belt  on  an 
iron  pulley.  Increasing  the  pulley  speed  or  increasing  the  tension  on 
the  belt  undoubtedly  increases  the  hazard.  The  tests  with  rubber  belts 
J>n  wood  pulleys  indicate  that  this  is  a  very  da^igerous  combination. 
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BeU  Box  Hasxird.  A  very  important  hazard  in  connection  with 
belt  transmission  is  that  of  the  belt  box.  The  maximum  danger  of 
the  spread  of  fire  is  to  be  found  in  conditions  which  admit  of  its  going 
from  story  to  storj-,  especially  if  increased  by  construction  which 
forms  drafts.  For  this  reason  boxes  or  shafts  for  carrying  belting 
should  be  fireproof  and  so  arranged  as  to  prevent  the  fire  in  lower 
stories  from  going  into  those  above.  The  ideal  in  construction  is 
where  these  belt  boxes  are  in  a  fireproof  building  or  tower,  the  driv- 
ing pulleys  being  on  the  tower  side  with  the  bearing  in  the  wall 
arranged  for  oiling  on  the  mill  side,  so  that  the  shaft  works  in  a  tight 
box  through  which  fire  can  not  pass.  In  many  cases  belts  pass 
through  floors  without  any  protection  whatever,  or  are  carried  in 
wood  boxes  which  are  dirty  with  fl>nngs  and  ignitible  fluff,  besides 
being  oil-soaked  and  liable  to  bum  like  tinder. 

Rope  Drive.  Rope  drives  are  coming  into  use  quite  extensively. 
In  general,  the  hazard  of  transmission  is  much  reduced  by  this 
method.  However,  it  is  frequently  customary  to  enclose  the  rope 
drives  in  boxes,  especially  in  positions  where  they  have  replaced  shaft 
drives  and  would  be  exposed  to  the  weather.  Care  must  then  be 
taken  to  see  that  the  boxes  or  chutes  are  of  ample  size,  to  prevent 
the  liability  of  the  rope  striking  and  grinding  against  the  box.  Rope 
drives  should  be  located  preferably  in  fireproof  towers  as  described 
for  belt  drives. 

Chain  drives  are  also  coming  into  more  general  use,  and  they 

offer  an  excellent  means  of  transmission  from  the  fire  hazard  point 

of  view. 

BOILERS,  FLUES,  AND  STACKS 

The  ordinary  low  pressure  boilers  used  for  heating  purp>oses 
have  been  treated  under  the  head  of  ^'Heating'*.  Boilers  operating 
at  a  pressure  above  ten  pounds  are  considered  as  high  pressure  boil- 
ers. Irrespecti\'e  of  the  hazards  of  location,  installation,  and  opera- 
tion, fire  insurance  companies  are  indirectly  much  interested  in  the 
type  and  construction  of  boiler,  since  fires  frequently  follow  a  boiler 
explosion. 

Description  of  Boilers.  Shell  Boilers,  Boilers  are  divided  into 
the  two  broad  classes  of  shell  and  sectional.  The  latter  type  was 
mentioned  under  "Heating".  The  shells  of  boilers  may  be  of  lap 
seam  or  butt  and  strap  construction.     The  edges  of  the  boiler  plates 
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Fig.  317.     Lap  Seam'— 
Double  Riveted 


are  either  lapped  over  and  riveted  or  brought  edge  to  edge  and  then 
joined  by  a  cover-plate,  which  is  riveted  to  each  of  the  two  plates. 
The  first  mentioned  makes  a  lap  joint, 
and  the  second  a  butt  joint.  In  both  con- 
structions the  plates  may  be  either  single, 
double,  or  triple  riveted,  the  strength 
being  increased  in  each  instance.  A  butt 
joint  is  always  to  be  preferred  over  a  lap 
joint;  and  in  a  few  States,  lap  seam  boilers 
are  no  longer  allowed  for  high-pressure 
work.  Butt  joints  may  have  two  cover-plates,  one  outside  and  one 
inside.  The  outer  cover-plate  is  narrow  with  rivets  placed  close 
enough  together  to  provide  for  sound  calking.    The  inner  plate  is 

wider,  and  as  its  edges  are  not  calked 

^ --4    they  may  have  a  row  of  more  widely 

spaced  rivets.  Fig.  317  illustrates  a  lap 
joint  and  Fig.  318  illustrates  a  triple 
riveted  butt  joint,  with  two  cover-plates. 
.  Tubular  Boilers,  Boilers  are  of  the 
cylindrical  tubular  type  or  water  tube 
boilers  which  are  a  combination  of  shell 
and  sectional.  The  tubular  boilers  have 
an  external  shell  made  as  described,  con- 
taining a  large  body  of  water.    Heat  is  communicated  to  the  water 
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Fig.  318.     Butt  and  Strap  Joint- 
Triple  Riveted 


Fig.  319.     Tubular  BoUcr 


through  the  shells  or  through  the  sides  of  internal  furnaces,  and 
alao  by  carrying  the  gases  through  tubes  or  flues.    The  ordinary  tubu- 
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Ur  boilersi  Fig.  319.  have  numerous  fiie  tubes  [Assing  throu^,  com- 
monly having  a  diameter  of  3  or  4  inches.  About  two-thirds  of  the 
volume  of  the  boiler  is  filled  nith  water,  the  other  third  being  reserved 
for  steam.  Tiie  water  line  is  6  to  8  inches  above  the  top  row  of 
tubes. 

LocomotUe  BoUen.  Boilers  of 
the  locomotive  type  are  often 
used  for  small  factories,  <»'  where 
Bteam  is  required  temponrily. 
"Die  loctHnotive  boiler  consists 
essentially  of  a  rectangular  fire- 
box and  a  <7lindrical  barrd 
through  which  numerous  tubes 
pass  from  the  fire-box  to  the 
smoke-box.  "niese  fram  a  con- 
tinuation of  the  battel,  and  fur- 
nish a  vent  for  the  products  of 
combustion  to  pass  up  the  smoke- 
stack. The  tubes  are  smaller  and 
spaced  closer  togetlier  than  in  the 
ordinary  tubular  boiler,  and  the 
boiler  operates  under  a  strong 
forced  draft  produced  by  throw- 
ing the  exhaust  up  the  smoke- 
stack. Thb  t\'pe  has  no  perma- 
nent foundation,  but  it  is  sup- 
ported on  brackets  at  the  fire-box 
and  by  a  pedestal  bearing  on  roU- 
crs  near  the  back  end. 

Flue  BoUera.  The  cyUndrical 
flue  boiler  differs  from  the  tubular 
liiiiitT  iiiaiTily  in  r(|>la('infr  the  fire  tnl>eB  by  one  or  more  large  flues. 
This  type  of  IxiiiiT  is  usually  lunger  than  a  tubular  boiler,  but  it  has 
less  heating  snrface  and  is  less  efficient  in  the  use  of  coal.  Its  great 
sinipli<ity  and  iwressihility  for  cleaning  recommend  it  where  feed 
watcT  is  Imil.  In  pla<fs  when!  fuel  is  \ery  cheap,  especially-  where 
it  is  a  waste  priwliict  us  at  sawmills,  the  plain  one-flue  cylindrical 
boiler  is  fretjuentlj   useil,     IJoilers  of  this  type  may  ha\e  two  flues 


Fif.  321. 


{ 

HHHbt  at  factories  where  floor  space  is  valuable,  since  a  powerful 
liBtter;'  of  boilers  may  be  placed  in  a  small  fire  room.  They  lia\c 
a  cjUnclrical  shell  with  a  fire-box  in  the  lower  end  and  with  the 
fire  tubes  running  from  the  furnace  to  tlie  top  of  the  boiler.  This 
tJTie  of  boiler  also  offers  a  large  superheating  surface,  and  steam 
under  high  pressure  is  readily  available. 

Water  Tube  lioilrrs.     Water  tube  boilers.  Fig.  321,  nf  all  sorU 

of  shapes  and  methods  of  construction  have  been  devised  to  over- 

the  admitted  liefects  of  shell  boilers.     Important  types  found 

leral  use  arc  the  Babcoi'k  and  \Vilcu\,  Heine,  and  Stirling, 
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They  all  have  the  larger  part  of  their  heating  surface  made  up  of 
tubes  of  moderate  size  filled  with  water.  They  all  have  some  form 
of  separators,  drum,  or  reser\*oir  in  which  the  steam  is  separated 
from  the  water;  some  of  these  boilers  have  a  shell  of  considerable 
size,  thus  securing  a  store  of  hot  water  and  a  good  free  water  sur- 
face for  disengagement  of  steam.  Such  sheU,  drum,  or  reservoir 
is  either  kept  away  from  the  fire  or  is  reached  only  by  gases  that 
have  already  passed  over  the  siurface  of  water  tubes.  Tubes  are 
of  moderate  diameter  and  can  be  made  abundantly  strong. 

Boiler  Hazards.  Tubular  Boilers.  The  cylindrical  tubular 
boilers  and  the  water  contained  therein  are  heavy  and  cumber- 
some, and  the  shells  under  high  pressure  must  be  made  very  thick. 
Boiler  scale,  which  consists  of  lime  and  other  matter  deposited  from 
the  water  on  the  boiler  shells  and  around  the  tidies,  forms  a  dan- 
gerous condition.  If  the  boiler  fails,  either  through  some  defect 
or  through  carelessness  of  attendants,  a  disastrous  explosion  is 
likely  to  take  place.  If  properly  designed  and  made  with  butt  and 
strap-jointed  shells,  and  if  cared  for  by  competent  and  careful  atten- 
dants, they  have  proved  safe,  reliable,  and  durable.  Tlie  large 
mass  of  hot  water  tends  to  keep  a  steady  pressure,  though  at  the 
the  pcpense  of  rapidity  of  raising  steam  or  of  meeting  a  sudden 
demand  for  more  steam.  This  should  be  taken  into  consideration 
when  laying  out  fire  protection  where  steam  pumps  are  to  be  advised. 

Water  Tube  Boilers.  Water  tube  boilers  are  admitted  to  be 
the  safest  type  of  boilers  in  use.  If  a  tube  does  fail  through  defect 
in  manufacture  or  through  wasting  during  service,  it  will  not  cause 
a  true  explosion.  Water  tube  boilers  may  be  made  light,  powerful, 
and  c()mi)act;  they  are  well  adapted  for  use  with  forced  draft;  and 
they  will  raise  steam  rapidly  from  cold  water. 

Dutch  Ovens.  Most  boilers  are  heated  by  internally  fired 
furnaces.  Under  certain  conditions  an  externally  fired  furnace  is 
desirable.  An  exami)le  of  such  is  the  Dutch  oven  or  bulldog  fur- 
nace, Fig.  322.  This  is  simply  an  extension  built  in  front  of  the  boiler 
into  which  the  fire  grates  are  placed  rather  than  put  inside  of  the 
boiler  wall  proper,  and  underneath  the  front  end  of  the  boiler.  The 
details  of  construction  differ,  but  the  general  idea  is  the  same  in  all 
cases.  These  ovens  are  generally  built  about  10  feet  long;  they 
should  be  fuliy  as  wide,  and  can  very  well  be  wider  than  the  boiler 
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front  itself.  These  ovens  are  frequently  found  in  wood-burning 
locsUties  and  in  woodworking  plants  whicii  consume  large  amounts 
of  refuse.  All  kinds  of  culls,  sawdust,  bark,  etc.,  can  be  thrown 
into  them  without  much  effort,  thus  making  them  both  a  labor 
saver  and  the  most  economical  furnace  for  this  purpose. 

Protection  Against  Hazards.  The  illustration  shows  the  saw- 
dust being  conveyed  direct  to  the  furnace  through  the  blowpipe. 
It  can  be  dropped  in,  equally  as  well,  with  a  chain  conveyor.  There 
should  be  an  extra  large  opening  on  top  to  allow  the  fireman  to 
shovel  or  scrape  the  larger  refuse  into  the  furnace  from  the  floor 
level.  The  blowpipe  or  chain  conveyor  should  be  so  arranged  as 
to  have  an  extra  leg  or  side  extension  attached  with  a  switch  or 
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damper  which  can  be  thrown  to  one  side  when  no  fuel  is  desired 
directly  under  the  boiler.  Under  such  conditions  the  fuel  should  not 
be  piled  on  top  of  the  oven;  in  this  case  the  fuel  might  easily  ignite. 
It  is  needless  to  say  that  platforms  of  wood  built  up  to  the  level  of 
the  oven  floor  should  be  protected.  This  is  frequently  a  rather  haz- 
ardous arrangement  and  carelessly  operated.  They  do  not  appear, 
however,  to  have  caused  many  fires,  in  fact,  they  are  undoubtedly 
less  hazardous  than  ordinary  boilers  burning  this  class  of  fuel. 
i  Hazards  of  Location  and  Installation.  Boilers  have  certain 
hazards  of  location  and  installation  for  which  a  number  of  rules 
and  requirements  have  been  prescribed  to  meet  varying  conditions. 
In  general,  a  power  boiler  should  preferably  be  located  in  a  one- 
story  brick  building  of  good  mill  or  fire-resistive  construction  and 
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detached  at  least  25  feet.  If  adjacent  to  main  plant,  it  should  be 
well  cut  off  from  it.  A  fireproof  roof  is  recommended  for  boiler 
houses  and  if  this  is  used,  the  walls  between  boiler  house  and  adjoin- 
ing buildings  need  not  be  treated  as  a  fire  wall  above  the  level  of 
boiler-house  roof.  If  located  within  a  main  building,  more  rigid 
requirements  for  installation  and  protection  of  rooms  are  provided. 
Here  boilers  should  be  encased  in  brick  and  located  36  inches  away 
from  side  waUs  of  room  if  of  combustible  material.  If  the  boiler 
is  not  encased,  thb  clearance  should  be  48  inches.  Floors  must  be 
of  non-combustible  material.  Combustible  ceilings  over  boilers 
should  have  no  concealed  spaces  and  should  be  protected  by  at 
least  two  good  coats  of  whitewash  or  fire-retardant  paint  which  will 
need  to  be  renewed  as  occasion  demands.  Wood  or  metal  sheath- 
ing, plastering,  etc.,  should  be  removed  and  the  ceiling  left  unfin- 
ished so  as  to  be  readily  accessible  for  inspection,  Whatever  protection 
is  hecessar}',  aside  from  the  above-mentioned  paint  or  whitewash, 
being  placed  upon  the  boiler. 

Clearance.  Between  the  unprotected  arch  or  breeching  (smoke- 
flue)  of  boiler  and  combustible  ceiling  or  material  there  should  be  a 
clearance  of  not  less  than  36  inches.  This  may  be  reduced  to  18 
inches,  if  the  breeching  is  arched  with  brick  or  covered  with  at  least 
3  inches  of  asbestos  cement,  or  its  equivalent.  The  clearance  may 
!)e  reduced  10  inches,  in  one-story  boiler  houses,  if  the  breeching  is 
protected  with  3  inches  of  asbestos  cement,  provided  there  is  ample 
ventilation  over  it  to  the  outside  air.  BreiK'hing  should  be  pro- 
tected on  sides  as  well  as  on  top.  The  dome  of  a  boiler  is  simply 
a  large  steam  holder  and  may  be  treated,  as  far  as  concerns  clear- 
anc*e,  with  large  steam  pipes;  except  that,  in  case  it  is  located  between 
joists  or  is  otherwise*  pocketed » it  should  have  at  least  a  3-inch  clear- 
ance and  he  protecteil  with  2  inches  of  asbestos  cement  having  smooth 
finish.  Unless  there  is  a  clearance  of  6  to  8  feet  between  flue  or 
boiler  and  roof,  boiler  rooms  should  be  provided  with  ventilators. 

Boilers  ou  Ifoorf  Floors.  Boilers  set  over  wood  floors  should  be 
arranged  as  follows:  On  the  floor,  place  a  sheet  iron  or  steel  plate 
not  less  than  three-sixteenths  inch  in  thickness,  extending  at  least 
5  feet  in  front  of,  and  2  f(.M.»t  on  all  other  sides  of,  boiler  or  boilers; 
this  plate  must  be  securely  riveted  at  joints  and  turned  up  5  inches 
at  cadges  all  around;  on  top  of  plate,  place  at  least  5  inches  of  brick 
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set  ill  wmciit  mortar;  on  top  of  the  brick,  cover  the  apace  directly 
under  the  I>oiler  with  6-inch  hollow  fire-tile  covered  with  three-six- 
teenths inch  steel  plate. 

Hazarda  of  Use.  Boilers  have  certain  hazards  of  use  beude 
the  explosive  .feature.  Combustible  material,  such  as  refuse  and 
sweepings  in  the  boiler  room,  is  a  common  cause  of  fire.  Such 
material  if  not  bumed  at  once  should  be  kept  in  a  firepriruif  htn  ur 
vault  cut   off  from  the  boiler  house.     This  is  incntiimeil  in   inure 

detail  under  "Fuel."    The 

use  of  shavings  for  fuel  is 
hazardous,  not  only  because 
of  the  creeping  of  fire  from 
beneath  the  grate  bars  by 
the  loose  shavings  around 
the  doors,  but  because  of  the 
danger  of  what  is  known  as 
a  "back  draft,"  which  is  a 
common  causeof  fire  in  plan- 
ing mills.  When  the  draft 
of  the  chimney  fails,  or  is 
poor,  as  it  sometimes  is  in 
damp  weather,  the  entire 
contents  of  the  furnace  may 
be  thrown  out  into  the  sha  v- 
ings  vault  oradjacentroom. 
The  furnace  feed,  therefore, 
should  not  be  in  line  with 
any  communication  with  the 
main  structure  but  at  right 
angles  to  it,  so  that  in  case 

of  a  back  draft,  the  burning  contents  of  the  furnace  can  not  be  thrown 
into  the  other  rooms  of  the  risk.  Where  shavings  and  refuse  are 
used  as  fuel,  they  are  frequently  fed  automatically  direct  to  the 
fire-box.     Such  an  arrangement  is  shown  in  Fig.  S23. 

A  common  cause  of  fire  is  sparks  from  boiler  stack.  Where  wood 
b  used  for  fuel,  the  stack  should  be  provided  with  a  spark  arrester 
or  proper  deflectors  built  iii  the  base  of  stark.  Fires  occasionally' 
start  in  material  which  has  been  stored  in  some  shed  or  box  adja- 
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cent  to  the  side  of  the  boiler.  The  storage  of  wood  fuel  to  dry,  and 
the  accumulation  of  dust,  dirt,  and  rubbish  on  top  of  boilers  should 
not  be  alloweil.  Fires  from  this  cause  are  not  frequent  but  pos- 
sible, as  experience  has  shown.  Operating  boilers  undjer  foroed 
draft  and  cxcvss  load  for  the  work  designed  is  likely  to  bet  dan- 
gerous pn>ctMiure. 

Boiler  Economizer.  An  economizer  is  an  arrangement  iiriieiriqr 
it  is  ]K)ssiblc  to  gt*t  heat  from  the  pnxlucts  of  combustion  by  pass- 
ing tliem  through  a  feed-water  heater  after  they  leave  the  boiler 
and  before  they  enter  the  chimney.    The  economizer  most  oam- 

monlv  found  is  the  Green.    It  is  made  of  several  sets  of  wticri 

*  •-■-.. 

cast-iron  tul>es  4  inches  in  diameter,  placed  in  a  chamber  between. 
the  boiler  and  the  chimney.  The  feed  water  is  pumped  in  soooe^ 
sion  through  the  several  sets  of  tubes  beginning  at  the  more  remote 
and  finally  passing  from  tiie  nean*r  tubes  to  the  boiler.  This 
ment  brings  the  hottest  water  in  contact  with  the  hottest 
There  are  scrajn^rs  arranged  in  sets,  one  on  each  tube.  By  power 
from  a  small  steam  engine  or  elsewhere,  the  scrapers  are  eontiOt- 
ually  moved  up  and  down  on  the  pipes  in  order  to  keep  the  inpes 
free  from  s(K)t  and  in  good  ct>ndition  to  take  up  heat.  Econonuxers 
are  cleani^  by  blowing  steam  through  the  tubes  which  carry  out 
the  soot.  Care  must  be  used  in  the  disposal  of  this  soot.  It  is 
hi'ated  anil  may  cause  fire  if  it  conies  in  contact  with  inflammable 
niatrrial.  Wotnlwork  must  not  be  allowcni  to  come  in  contact  with 
thr  economizer.  The  hot  gas(\s  give  off  sufficient  heat  to  carbonize 
anil  ignitt*  inilamniablc  material. 

Smokestacks.  Smokestacks  should  be  built  according  to  the 
regulations  of  tlie  local  building  C(xle,  or  in  lieu  of  any  regulations 
applying,  then  according  to  reiiuircments  of  the  building  code  recom- 
nuMukHl  by  the  National  Hoard  of  Fire  I'ndenvriters.  Stacks 
should  1)0  built  preferably  of  heavy  brick,  stone,  or  concrete  from  the 
ground  to  a  point  10  feet  or  more  above  peak  of  highest  roof,  k 
metal  stack  on  a  concrete  bast*  outside  of  building  is  allowable  under 
the  regulations  of  the  National  Board.  Where  this  is  done  it  would 
be  best  to  huikl  a  brick,  stone,  or  concrete  base  at  least  5  feet  above 
roof  of  boiler  house.  The  metal  portion  of  stack  should  be  well 
guyed  with  iron  stay-nxls  or  chains,  and  painted  with  asphaltum 
every  year.     Breeching  should  enter  stack  at  least  4  feet  below  roof 
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of  boiler  house  and  have  at  least  U6  inches  clearance  to  combustible 
material.  Stack  should  be  lined  with  fire-clay  brick  laid  in  fire-clay 
mortar  where  breeching  enters. 

Metal  Stacks.  If  a  metal  stack  passes  through  a  roof  it  should 
have  proper  clearance  and  be  provided  with  a  ventilated  jacket. 
There  is  little  danger  from  the  effect  of  heat  radiated  from  the  iron 
stack  upon  wood  nearby,  unless  the  wood  is  in  actual  contact  with, 
or  in  very  close  proximity  to  the  stack.  The  following  description 
is  ^ven  of  the  protection  devised  by  the  John  C.  Paig^  Insurance 
Agency,  Boston,  Mass.;  and  complete  details  of  construction  and 


dimen^oDS  for  various  sized  stack  were  published  in  the  October, 
1911,  Quarterly  of  the  National  Fire  Protection  Association. 

Pig.  324  shows  a  cross  section  of  the  stack.  Fig.  325  shows  a 
view  of  the  whole  arrangement.  The  amount  of  radiation  from  a 
stack  24  inches  in  diameter  is  no  more,  and  if  anything  b  less,  than 
from  a  6  inch  stack;  hence  an  air  space  of  6  inches  is  thought  to  be 
ample  for  all  sizes  above  6  inches.  The  theory  upon  which  this  pro- 
tection for  stacks  is  based  depends  upon  the  fact  that  there  is  a 
considerable  difference  in  temperature  below  and  above  the  boiler 
room  roof  which  will  cause  a  condensation,  within  the  stack  at  the 
roof  line,  of  the  acid  products  of  combustion,  especially  of  the  pjTO- 
ligneous  and  acetic  products.  These  hot  acid  products  will  event- 
ually corrode  the  stack  sufficiently  to  cause  holes.    The  tendency 
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of  the  smoke  and  gas  is  to  pass  up  the  stack  in  a  centrifugal  course 
seeking  an  outlet,  and  a  spark  will  soon  find  even  a  minute  hole 
through  which  it  may  lodge  on  the  adjacent  woodwork  of  die  rorf. 
The  ciTect  of  the  collar  and  umbrella,  therefore,  is  to  form  an  air 
space  of  equal  temperature  at  the  roof  line  throu^  whidi  the  air 
from  below  can  readily  pass  out  of  doors,  thus  reducing  the  Uabili^' 
of  any  condensation  in  the  stack  at  or  near  this  point.    The  adhr 

is  extended  below  the  roof  sufficiently  to 
protect  the  roof  joist  timb^s  against 
lodgment  of  sparks. 

For  stacks  of  wood-burning  or  direct 
flue  boilers,  where  stacks  are  hot,  the 
double  collar  and  umbrella  arrangement 
is  recommended.  Fig.  326  shows  a  new 
and  partial  cross  section  of  this  arrange- 
ment. 
Metal  stacks  through  floors  are  very 

dangerous  and  their  use  should  be  pro- 
Fig.  320.    Special  ArrangemeDt  for  «  .,  .      i 
Wood-Burning  BoUers  hlbltcd. 


FUEL  AND  ASHES 

The  storage  and  handling  of  fuels  offer  a  fruitful  source  of 
trouble.  The  most  prominent  hazardous  fuels  are  shavings  and 
wood  refuse,  soft  coal,  charcoal,  and  oil  fuels.  Coke  offers  ven* 
little  hazard,  although  cases  of  spontaneous  heating  in  coke  piles 
have  bwn  noted.  Tanneries,  where  bark  is  used,  frequently  burn 
the  spent  tan  bark  under  the  boilers.  \\Tien  this  is  done  the  feed 
should  be  constant  so  as  to  consume  the  spent  tan  bark  as  fast  as 
it  accumulates,  as  it  is  liable  to  spontaneous  heating  and  ignition  if 
stort^l  in  heaps  while  moist. 

Wood  Shavings  and  Refuse.  In  the  northern  and  wooded  sec- 
tions, log  wood  is  frequently  used  for  fuel  and  much  wood  is  con- 
sumed in  the  homes.  In  woodworking  plants  wood  refuse,  shav- 
ings, sawdust,  etc.,  are  used  in  some  places  as  a  method  of  disposal, 
and  in  others  as  their  only  source  of  heat  energ\'.  These  plants  are 
generally  equipped  with  efficient  blower  systems  for  sucking  up  and 
conveying  the  material  to  the  boiler  room  or  storage  vaults.  The 
air  is  allowed  to  escape  through  what  is  known  as  a  cyclone  separa- 
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tor,  the  material  dropping  gently  into  its  proper  place  as  fed  directly 
to  the  boilers.  Shavings  vaults  are  frequently  within  the  boiler  room, 
adjacent  thereto,  or  in  sheds  close  by.  When  within  the  boiler 
room  or  adjacent  thereto,  they  should  consist  of  fireproof  or  cut-ofi 
rooms  or  vaults.  Fig.  327  shows  a  Standard  Shavings  Vault  in  a  boiler 
room,  with  the  cyclone  separator  above  and  automatic  feed  to  boiler. 
Coal.  Many  fires  are  due  to  the  spontaneous  heating  of  coal 
in  storage.  The  Bureau  of  Mines  has  made  an  exhaustive  study  of 
this  subject  and  the  following  facts  have  been  gleaned  from  the 
work  of  Horace  Porter  and  F.  K.  Ovitz,"  en^eers  in  the  service 
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of  that  Bureau.  Oxidation,  probably  in  the  main  an  absorption 
of  oxygen  by  the  unsaturated  chemical  compounds  in  the  coal  sub- 
stance, begins  at  ordinary  temperature  in  any  coal,  attacking  the 
surfaces  of  the  particles,  thus  slowly  developing  heat.  In  a  small 
mass  of  coal  this  slowly  developed  heat  can  readily  dissipate  itself 
b^'  radiation  and  no  rise  in  temperature  results.  If  radiation  is 
restricted,  however,  as  in  a  large  pile  densely  packed,  the  tempera- 
ture slowly  rises.     When  storage  conditions  are  such  as  to  allow  a 
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temperature  of  about  2iX)  degrees  to  be  passed,  the  rate  of  oxidation 
is  great  enough  ordinarily  so  that  the  heat  developed  overbalances 
the  heat  radiated ;  and  the  temperature  will  rise  to  the  ignition  point 
if  the  air  supply  is  a(k»quate.  It  is  important,  therefore,  to  guard 
against  even  moderate  heating  in  the  coal  either  from  internal  spon- 
taneous causes  or  bv  radiation  from  external  sources. 

Hazard  of  Dust.  The  amount  of  surface  exposed  to  oxidation 
in  a  given  mass  dej)ends  on  the  size  of  the  particles  and  increases 
ver>'  rapidly  as  the  fineness  approaches  that  of  dust.  Dust  is  there- 
fore a  dangerous  thing  in  a  coal  pile,  particularly  if  it  is  mixed  wnth 
larger-sized  coal  which  forms  air  passages  to  the  interior.  Spon- 
taneous combustion  is  brought  about  by  slow  oxidation  in  an  air 
supply  sufficient  to  support  the  oxidation  but  insufficient  to  carry 
away  all  the  heat  forme<l.  There  is  a  wide  variation  among  coals 
in  their  ability  to  withstand  pulverizing.  In  comparative  rattler 
tests  under  certain  standard  conditions,  Pocahontas,  New  River, 
and  Cambria  County  (Pa.),  coals  produced  nearly  twice  as  much 
(through  one-eighth-inch  screen)  as  a  sample  from  the  Pittsburgh 
seam.  This  is  a  large  factor  in  spontaneous  combustion.  Mixed 
lump  and  fine,  i.e.,  run-of-mine,  with  a  large  percentage  of  dust,  and 
piled  so  as  to  admit  to  the  interior  a  limited  supply  of  air,  make 
ideal  conditions  for  spontaneous  heating. 

PtK'uhojiias  Coal.  Pocaliontas  coal  gives  a  great  deal  of  trouble 
with  spontaneous  fires  in  the  large  storage  piles  at  Panama.  It  is 
reported  also  hy  several  large  hy -product-coke  concerns  to  be  more 
troublesome  in  this  respect  than  their  high-volatile  gas  coals.  The 
high-volatile  coals  of  the  West  are,  to  be  sure,  usually  very  liable 
to  sj)ontane()us  heating;  but  they  owe  this  property  to  the  chemical 
nature  of  the  substances  which  comj)ose  the  coal,  rather  than  to  the 
amount  of  volatile  matter. 

Effects  of  Moi,s'fure.  The  influence  of  moisture  and  that  of  sul- 
j)hur  upon  spontaneous  heating  of  coal  are  mooted  questions  much 
discussed,  not  very  much  actually  investigated,  and  certainly  not 
vet  settled. 

Seasoning.  Freshly  mined  coal  and  even  fresh  surfaces  exposed 
by  crushing  lump  coal  exiiibit  a  remarkable  avidity  for  oxygen;  but 
after  a  time  they  become  coated  with  oxidized  material,  "seasoned", 
as  it  were,  so  that  the  action  of  the  air  becomes  much  less  vigor- 
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ous.  It  is  found  in  practice  that  if  coal  which  has  been  stored  for 
six  weeks  or  two  months  and  has  even  become  already  somewhat 
heated,  be  rehandled  and  thoroughly  cooled  by  the  air,  spontaneous 
heating  rarely  begins  again. 

Storage  Under  Water.  Storage  of  coal  under  water  is  being 
practiced  at  some  large  plants.  The  fact  that  this  practically  neces- 
sitates firing  wet  coal  becomes  an  important  factor  with  coals  like 
the  Illinois  and  Wyoming  t^pes,  which  mechanically  retain  five  to 
fifteen  per  cent  of  water  after  draining.  Submergence  storage  is  an 
absolute  preventive  of  spontaneous  combustion,  and  on  that  account 
alone,  its  use  may  be  justified  with  some  coals.  But  merely  for  the 
sake  of  the  saving  to  be  secured  by  avoidance  of  weathering,  there 
does  not  seem  to  be  good  ground  for  its  use. 

Precautions  for  Storing  Coal,  The  following  recommendations 
are  ofiFered  as  being  advisable  precautions  for  safety  in  storing  coal 
whenever  their  use  does  not  involve  an  unreasonable  expense.  It 
must  be  remembered  that  any  or  all  of  these  recommendations  may 
under  certain  conditions  be  found  impracticable. 

(1)  Do  not  pile  over  12  feet  deep,  nor  so  that  any  point  in  the  interior 
will  be  over  10  feet  from  an  air-cooled  surface. 

(2)  If  possible,  store  only  lump. 

(3)  Keep  dust  out  as  much  as  possible;  therefore  reduce  handling  to 
a  minimum. 

(4)  Pile  80  that  lump  and  fine  arc  distributed  as  evenly  as  possible;  not 
as  is  often  done,  allowing  lumps  to  roll  down  from  a  peak  and  form  air  passages 
at  the  bottom. 

(5)  Rehandle  and  screen  after  two  months. 

(6)  Keep  away  external  sources  of  heat  even  though  moderate  in  degree. 

(7)  Allow  six  weeks'  "seasoning"  after  mining  before  storing. 

(8)  Avoid  alternate  wetting  and  drying. 

(9)  Avoid  admission  of  air  to  interior  of  pile  through  interstices  around 
foreign  objects  such  as  timbers  or  irregular  brickwork;  also  through  porous 
bottoms  such  as  coarse  cinders. 

(10)  Do  not  try  to  ventilate  by  pipes  as  more  harm  is  often  done  than 
good. 

Charcoal.  Occlusion  of  Gases,  The  storage  and  handling  of 
charcoal  introduces  a  distinct  hazard.  Just  as  a  sponge  absorbs 
water,  so  the  innumerable  pores  of  all  kinds  of  charcoal  possess  an 
extraordinary  aflSnity  for  moisture,  gases,  and  vapors.  The  char- 
coal is  said  to  occlude  gas  and  this  phenomenon  is  called  the  occlu- 
sion of  gases  by  charcoal.     This  phenomenon  is  accompanied  by 
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heat,  and  spontaneous  ignition  is  liable  to  take  place.  The  risk  of 
this  phenomenon  occurring  is  the  greater  in  proportion  as  the  char- 
coal is  freshly  made  and  the  hotter  it  is  at  the  time  of  its  exposure 
to  the  air.  The  danger  disappears  in  the  course  of  two  or  three  days; 
if  the  charcoal  be  meanwhile  kept  away  from  the  air  and  only  exposed 
thereto  when  thoroughly  cool,  the  absorption  of  gas  proceeds  but 
gradually.  This  precaution,  being  essential  to  safety,  should  be 
adopted  in  all  cases.  Old  charcoal  will  attain  the  same  danger  as 
is  manifested  in  this  respect  by  that  newly  prepared,  if  it  be  heated 
up  again,  the  heat  expelling  the  occluded  gases  and  revivifying  the 
absorptive  power. 

Effect  of  Moisture.  Moistening  charcoal  will  powerfully  stimu- 
late its  tendency  to  take  fire  spontaneously  after  re-drying.  In  this 
case  the  moisturt*  exix^ls  the  occluded  gases  just  as  is  effected  by 
heating  to  incandescence.  So  long  as  the  liquid  occupies  the  pores, 
the  charcoal  is  safe  until  it  evaporates  in  drying  and  leaves  the 
pores  empty  again. 

Ilazarcb  of  Transportation.  In  1911,  there  were  sLxty-four  fires 
in  the  transportation  of  charcoal  in  the  United  States  reported 
to  the  Bureau  for  the  Safe  Transportation  of  Explosives  and  Other 
Dangerous  Articles.  During  the  same  year  that  Bureau  conducted 
experiments  on  the  sj)<)ntancous  heating  and  ignition  of  hardwood 
charcoal.  After  xarying  treatment  as  to  cooling  and  air  exposure, 
the  chareoal  was  loaded  into  box-ears,  and  the  temperature  of  the 
interior  of  these  cars  was  observed  at  intervals  to  detect  any  increase 
in  temperature. 

RcHulfs  of  Experiments  on  Cooling  and  Airing.  From  the  incom- 
plete experiments  performtnl,*  it  was  reported  that  no  conclusions 
could  be  drawn  as  to  the  relative  efficiency  of  various  pericnls  of 
cooling  and  airing.  In  no  ease  was  there  any  ignition  or  an  increase 
of  temperature  aj^proaehing  ignition.  In  every  ease  but  one  there 
was  a  noticeable  rise  of  temperature  which  cx)uld  be  ascribe<l  only 
to  the  action  of  air  on  the  cold  charcoal  and  not  to  any  residual  sparks 
or  fire.  The  report  states  that,  in  order  to  attain  absolute  security 
from  fires  of  spontaneous  origin,  it  is  neci^ssary  to  store  the  char- 
coal in  the  open  until  such  time  as  it  will  attain  its  equilibrium  with 


♦Bureau  for    the    Safe    Transportation   of    Explw^ives    and   Other   Dangerous   Articles, 
Report  No.  5,  February,  1912,  page  47. 
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regard  to  absorption  of  air.  This  being  impracticable,  it  is  sug- 
gested that  the  present  practice  of  cooling,  airing,  and  storing  in 
open  car  for  twenty-four  hours  prior  to  shipment  be  supplemented 
by  a  safe  method  of  ventilation  of  cars  during  shipment. 

Hazardous  Conditions.  Greasy  charcoal  may  easily  ignite  of 
its  ovra  accord.  Solid  substances  which,  although  apparently  dry, 
give  off  moisture  and  also  liberate  oxygen  when  gently  heated,  are 
just  as  dangerous  to  charcoal  as  are  moisture  and  gases  (oxygen  in 
particular).  Charcoal  should  not  be  stored  nor  placed  in  contact 
with  hygroscopic  substances  (calcium  chloride,  magnesium  chlo- 
ride), which  by  their  attraction  for  water  and  moisture  may  satu- 
rate the  charcoal  with  water;  the  same  applies  to  metallic  sulphides 
with  an  affinity  for  ox>'gen,  and  to  ozone,  liquid  oxygen,  oil  of  tur- 
pentine, and  all  substances  that  readily  part  with  oxygen. 

New  parcels  of  powdered  or  coarse  charcoal  should  be  handled 
vnth  suspicion,  since  from  some  unknown  cause  (freshness,  recal- 
cination,  drj-ing,  or  moisture),  they  may  contain  the  germ  of  a  spon- 
taneous outbreak  of  fire,  still  indetectable.  During  the  first  three 
days  after  arrival,  the  goods  should  be  stored  away  from  inflam- 
mable material  or  in  a  fireproof  room,  or  else  the  internal  tempera- 
ture of  the  mass  should  be  controlled  by  frequent  readings,  since  it 
takes  fully  three  days  to  learn  w^hether  the  tendency  to  spontaneous 
ignition  really  exists  or  not.  These  precautions  are  particularly 
necessar>'  when  the  charcoal  is  tightly  packed. 

Liquid  Fuels.  Fuel  Oil.  Mineral  oil  in  the  forms  of  crude 
petroleum  or  refuse  heavy  oil  direct  from  the  distillation  of  the  petrol- 
eum— generally  known  as  fuel  oil — is  being  used  to  an  increasing 
extent.  It  is  customary'  to  force  the  oil  into  the  furnace  in  the  form 
of  finely  divided  spray  through  special  spraying  apparatus  worked 
either  with  compressed  air  or  with  superheated  steam.  The  use  of 
superheated  steam  has  only  its  convenience  to  recommend  it,  for 
it  adds  to  the  inert  material  to  be  uselessly  heated.  Special  pre- 
cautions must  be  taken  when  petroleum  is  burned,  to  avoid  flooding 
the  furnace  with  oil  and  to  prevent  explosion  of  the  vapor  and  burn- 
ing of  the  oil  in  tanks  or  receptacles.  The  problem  introduced  by 
this  is  principally  one  of  storage,  although  the  burners  should  be 
only  such  as  have  met  the  approval  of  the  laboratory'  examinations, 
and  have  been  installed  in  strict  conformity  to  rules  which  have 
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been  provided.  The  methods  of  storage  are  very  important  and  the 
rules  for  storage  and  use  of  fuel  oil  should  be  strictly  observed. 

Gasoline,  Kerosene,  and  Alcohol.  The  proper  use  of  these  vol- 
atile oils  was  mentioned  in  the  discussion  of  the  devices  and  apparatus 
using  them.  The  rules  governing  the  storage  of  these  materials 
should  be  strictly  obser\'ed.  Further  reference  to  their  character- 
istics is  made  in  the  section  entitled  "Use  and  Storage  of  Inflam- 
mables, Volatiles,  and  Explosives.'* 

Ashes  and  Cinders.  These  are  old  offenders.  An  ordinance  of 
the  City  of  London,  which  was  passed  in  1667,  contained  the  fol- 
lowing: "That  ever>'  inhabitant  prepare  some  secure  place  in  his 
dwelling  (not  under  or  near  any  staircase)  to  lay  in  his  sea  coal  ashes, 
embers,  or  any  other  sort  of  fire  ashes,  and  that  the  said  ashes  be 
quenched  with  water  every  night  before  going  to  bed."  Ashes 
should  always  be  kept  in  approved  metal  ash  cans  made  according 
to  the  Rules  and  Requirements,  or  they  may  be  placed  on  an 
incombustible  floor,  provided  there  be  no  storage  of  combustible 
stock  nearby,  but  they  must  in  no  case  be  allowed  even  temporarily 
to  be  dumped  on  a  wood  floor,  nor  against  combustible  walls,  par- 
titions, posts,  etc.,  nor  stored  in  wood  receptacles.  In  dwelling 
houses,  etc.,  a  favorite  custom  is  to  utilize  dark  waste  spaces  under 
stain^ays  to  dump  ashes  into  wood  boxes,  etc.  It  is  recommended 
that  cans  used  for  dumping  ashes  into  wagons,  and  consequently 
subjected  to  stncre  service,  be  constructed  in  a  very  substantial 
manner.  In  a  few  large  power  plants,  ashes  are  discharged  by  a 
vacuum  conveyor  system  into  an  ash  hunker  built  above  the  boilers, 
from  which  they  are  chuted  to  cars  and  taken  awa\\  The  same 
vacuum  system  is  used  for  removing  soot  from  the  economizers. 

LIGHTNINQ 

Importance  of  Lightning  Hazard.  Extent  of  Damage.  Just 
how  much  damage  is  caused  by  lightning  in  the  United  States  is 
difficult  to  determine.  It  is  claimed  that  more  lives  are  lost  by 
lightning  than  by  violent  winds  and  tornad(x»s.  The  United  States 
Weather  Bure^iu  in  1890  starte<l  a  statistical  inquiry  and  kept  a 
record  for  ten  years,  after  which  the  work  was  abandoned  on  account 
of  not  being  successful  in  gathering  complete  information.  How- 
ever, during  the  year  of  1900  alone,  their  incomplete  reports  showed 
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that  713  persons  were  killed  by  lightning  or  injured  fatally,  and 
that  thousands  of  dollars  worth  of  property  was  destroyed  annu- 
ally by  this  dreaded  element. 

During  the  summer  of  1911,  the  Department  of  Physics  at  the 
Ontario  Agricultural  College,  with  a  view  to  securing  information 
upon  the  subject,  sent  letters  to  a  large  number  of  insurance  com- 
panies doing  business  in  Ontario.  Forty  of  the  companies  replied 
in  a  suflSciently  definite  manner  to  make  tabulations  of  their  replies 
possible.  From  these  it  appeared  that,  of  all  the  rural  house  claims 
settled  during  an  average  period  of  twelve  and  a  half  years,  26.8 
per  cent  were  due  to  lightning.  Of  all  the  bam  claims  settled  dur- 
ing the  same  period,  GCJ  per  cent  were  due  to  lightning.  Including 
both  bams  and  houses  it  was  found  that  of  all  rural  claims  paid  dur- 
ing that  time,  45.4  per  cent  were  due  to  lightning.  Of  all  these 
buildings  which  were  struck,  21.4  per  cent  were  completely  destroyed. 

Comparison  of  Losses  on  Rodded  and  Unprotected  Buildings.  In 
Minnesota  during  1911  there  were  145  fires  from  lightning  entailing 
a  loss  of  $141,364.  The  oflBce  of  State  Fire  Marshal  did  not  receive 
during  the  year  a  single  report  of  a  building  having  been  struck  that 
was  proj)erly  rodded.  The  fire  marshal  of  Ohio  reported  no  loss 
on  a  rodded  building,  although  there  were  fired  in  the  state  during 
the  year  129  barns,  38  dwellings,  seven  churches,  and  22  other 
structures  and  haystacks  with  losses  aggregating  $236,895.  Maine 
reported  350  lightning  fires,  and  Texas  188.  Farm  ^Mutual  Insur- 
ance Companies  find  two-thirds  to  three-fourths  of  their  losses  are 
from  lightning  on  unrodded  buildings.  Of  forty  companies  repre- 
sented in  an  annual  meeting  of  the  Indiana  State  Association  not 
one  had  a  lightning  loss  on  a  rodded  building.  The  report  of  sixty- 
four  mutual  fire  insurance  companies  of  Ohio  and  Pennsylvania  for 
1911  shows  $107,164  loss  from  lightning  on  unprotected  buildings, 
and  only  $142  on  buildings  that  were  protected  against  lightning. 
Professor  Jos.  Henry,  Secretary,  Smithsonian  Institute,  Washing- 
ton, D.  C,  states  that  in  a  house  properly  provided  with  lightning 
conductors,  however  many  discharges  may  fall  on  it,  we  are  well 
assured  from  full  exi)erience  and  establisheil  principles  that  no 
damage  can  come  to  the  occupants  within. 

Lightning  Investigation.  Ancient,  From  the  earliest  times 
this  great  manifestation  of  the  power  of  nature  has  been  a  source  of 
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constant  conjecture  to  the  minds  of  all  learned  men.  In  the  middle 
of  the  Eighteenth  Centiuy  the  subject  of  atmospheric  electricit}' 
attracted  widespread  attention.  Franklin  in  America,  de  Ronus 
and  D'Alibard  in  France,  Divisch  in  Bohemia,  Toaldo  in  Italy,  and 
Richmann  in  Russia  believed  in  the  efficiency  of  pointed  conductors 
for  the  purpose  of  exploration  and  protection.  But  it  was  Frank- 
lin who  had  the  clearest  vision  of  them  all.  He  wrote  in  1749:  "liby 
not  the  knowledge  of  this  power  of  points  be  of  use  to  mankind  in 
preserving  houses,  churches,  ships,  etc.,  from  the  stroke  of  lightning 
by  directing  us  to  fix,  on  the  highest  points  of  those  edifices,  upright 
rods  of  iron  made  sharp  as  a  needle,  and  gilt  to  prevent  rusting;  and 
from  the  foot  of  those  rods  a  wire  down  the  outside  of  the  building 
into  the  ground,  or  around  the  shrouds  of  a  ship  and  down  her  side 
till  it  reaches  the  waters?  Would  not  these  pointed  rods  probably 
draw  the  electrical  fire  silently  out  of  a  cloud  before  it  came  nigh 
enough  to  strike,  and  thereby  secure  us  from  that  most  sudden  and 
terrible  mischief?"  In  June,  1752,  Franklin  with  the  aid  of  his  son 
raised  his  spiked  kite  in  one  of  the  fields  of  Philadelphia  and  definitely 
proved,  by  unassailable  experiments  made  in  that  field  and  under 
the  canopy  of  heaven,  his  contention  that  the  electricity  of  the  atmos- 
phere was  identical  in  kind  with  that  of  the  frictional  electric  machine 
of  his  laboratory.  He  then  propounded  the  principle  of  his  famous 
**FrankIinian*'  rod.  Yet  in  spite  of  the  results  which  the  other  inves- 
tigators obtaineii  and  the  explanations  which  they  gave,  it  was  a 
long  time  before  leaders  and  people  looked  favorably  upon  the  theories 
of  Franklin. 

Modern.  The  present  facts  a>ncerning  lightning  have  been 
attained  after  years  of  the  most  patient  investigations  on  the  part 
of  men  like  Sir  Oliver  Lodge;  Hon.  Killingworth  Hedges.  Secretan 
to  the  Lightning  Rod  Conference  of  1905;  Professor  Willis  S.  Moore. 
Chief,  United  States  Weather  Bureau;  Professor  Alex.  McAdie; 
Elihu  Thompson;  and  many  others.  Two  famous  Ughtning-rod 
conferences  were  held  in  England,  but  the  one  in  1905  may  be  ct)n- 
sidered  to  be  the  beginning  of  the  present  universally  accepted  theo- 
ries as  to  the  phenomena  of  lightning  and  the  scientific  protection 
against  its  ravages.  In  light  of  the  facts  presented  and  the  discus- 
sions which  followed,  opinions  were  cr\'stallized  and  differences 
moulded  into  a  unanimous  and  harmonious  whole. 
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Present  Theories,  Atmospheric  EUetricUy.  Electridty  in  the 
air  is  due  to  evaporation  of  moisture  from  the  surface  of  the  earth, 
changes  of  temperature  in  the  atmospheric  vapor,  chemical  action 
on  the  earth's  surface,  and  the  friction  of  volumes  of  air  of  different 
densities  against  each  other.  When  electricity  is  excited  in  the 
atmosphere  by  any  natural  cause,  it  is  received  by  the  clouds.  They 
are  fairly  good  conductors  of  electricity,  and  in  passing  through  the 
air  which  contains  much  free  electricity,  they  collect  and  retain  large 
quantities  of  it  and  thus  become  electrified  bodies.  Through  the 
law  of  induction,  one  cloud  becomes  charged  with  positive  electricity 
and  this  will  induce  an  opposite  negative  charge  in  its  neighl>or. 
The  earth  and  the  objects  upon  it,  beneath  an  electrified  cloud,  are 
oppositely  charged. 

Lightning  Flash,  Two  clouds  being  in  different  electrical  states, 
or  oppositely  electrified,  may  act  upon  each  other  through  the  inter- 
vening air  and  when  sufficiently  near  to  each  other  may  permit  the 
attraction  between  the  positive  and  the  negative  electricities  to  over- 
come the  resistance  offered  by  the  air.  A  disruptive  discharge  then 
occurs.  The  rapid  passage  of  the  electricity  forcing  its  way  through 
the  air  produces  intense  heat  which  manifests  itself  as  the  lightning 
flash.  The  \dolent  report  and  rumbling  noise  which  succeed  light- 
ning are  known  as  thunder  and  are  generally  supposed  to  be  caused 
by  the  sudden  separation  and  reunion  of  the  air  through  which  a 
disruptive  charge  has  taken  place  and  due  to  sudden  expansion  and 
compression  all  round  caused  by  the  heated  air,  which  is  followed 
by  a  sudden  rush  of  air  into  the  partial  vacuum  thus  produced. 

Lightning  Stroke.  When  a  cloud  or  layer  of  clouds  has  acquired 
a  sufficient  extent  and  approaches  within  a  suitable  distance  of  the 
earth,  being  oppositely  electrified,  a  discharge  takes  place  between 
them.  This  is  known  as  a  lightning  stroke  and  is  the  attempt  of  the 
two  electricites  to  gain  an  equilibrium.  The  electricity  passes  at 
the  same  instant  from  the  earth  toward  the  cloud  and  from  the  cloud 
toward  the  earth.  All  the  damage  usually  done  by  lightning  is 
caused  by  electricity  passing  from  the  earth  upward.  The  accumula- 
tion of  free  electricity  upon  buildings  offers  attraction  to  the  oppo- 
site electricity  contained  in  the  electrified  cloud,  and  this  causes 
them  to  be  struck  by  lightning.  There  are  circumstances  when  the 
discharge  may  come  from  the  clouds  to  the  earth,  and  it  is  a  fact 
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that  there  are  often  discharges  from  doud  to  doud.  But  the  opinion 
of  the  best-known  writers  is  that  the  destructive  discharges  which 
we  call  thunder  bolts  come  from  the  earth  through -the  objects  upon 
its  surface,  and  thus  destroy  them. 

Force  of  Lightning.  A  lightning  stroke  travels  at  a  ^peed  of 
186,()(X)  miles  per  second.  It  is  estimated  that  a  stroke  of  lightning 
one  mile  long  represents  500  million  volts.  This  energ>%  if  bottled 
up  in  a  storage  batter>',  would  drive  all  of  the  electric  street  cars  of 
a  metropolis  for  several  hours;  or  light  a  15-power  incandescent  lamp 
for  twenty  years.  It  is  this  electrical  energ\"  of  lightning  that  kills 
and  detaches  blocks  of  masonrj-  and  causes  buildings  to  bum. 

Theory  of  Rodding.  IJghtning  rods  are  not  placed  on  buildings 
for  the  puq)ose  of  inviting  a  lightning  stroke,  as  was  at  one  time 
thought  to  Ixj  their  purpose.  A  building  made  of  wood,  brick,  or 
stone  serves  as  a  condenser  or  storehouse  in  which  electrical  energ\* 
will  collect.  Such  buildings  are  in  direct  opposition  to  nature's 
laws,  for  it  has  been  noted  that  during  a  thunder  storm  electrical 
energ>'  fuses  or  wastes  away  from  all  vegetation  such  as  trees,  grow- 
ing crops,  etc.,  caused  by  the  attraction  of  the  electricit>'  of  tk 
atmosphere  and  clouds.  This  same  attraction  induces  electridtj' 
into  a  building  from  the  earth  and  in  accordance  with  nature's  laws. 
Lij^htning  nwls  installed  on  a  building  allow  this  continuous  fusing 
or  wasting  away  of  electrical  energy,  thus  relieving  the  electrical 
stress  lH»tw(»en  the  cloud  and  earth  or  building  which,  when  broken 
down,  allows  tlu*  lightning  stroke.  Hence,  the  necessity  for  sharp 
points  on  the  ends  of  the  rods,  close  contact  with  the  building  and 
all  metal  parts  thereon,  and  well-gnnnided  terminations  of  the  rods. 
If  a  rupture  does  occur  in  the  air  between  earth  and  cloud,  the  light- 
ning then  passes  downward  safely  to  earth  through  the  nxls. 

Suggestions  for  Proper  Protection,  liod.s.  For  a  long  time 
copper  was  considered  the  only  material  for  lightning  rods,  the  reason 
being  that  copper  conducts  a  steady  current  of  electricity  six  times 
as  well  as  iron.  Sir  Oliver  Lcxlge,  in  1892,  carritnl  on  experiments 
which  proved  that  an  iron  wire  would  carry  off  a  sudden  rush  of  elec- 
tricity bettor  than  coppiT  of  the  same  size.  As  we  have  leanieii, 
lightning  rods  have  two  functions  to  perform:  (1)  that  of  earning 
off  the  flash  in  case  the  building  is  struck;  and  (2)  the  greater  duty 
of  preventing  strokes  from  occurring  by  the  gradual  flow  of  electricity 
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along  the  rod  to  the  point  and  into  the  air.  Thus  we  see  that  for  the 
one  purpose  an  iron  rod  is  the  best,  and  for  the  other  a  copper  rod. 
Taking  into  consideration  the  question  of  durability,  p)erhaps  co])- 
per  on  the  whole  is  a  somew^hat  better  material  than  iron.  However, 
there  is  no  doubt  that  a  building  properly  rodded  with  iron  rods  is  pro- 
tected in  a  ver>-  large  measure.  The  best  rods  for  the  price  are  those 
made  of  galvanized  steel,  and  these  may  have  a  sheathing  of  copper 
if  desired.  The  latter  arrangement  would  seem  to  be  very  desirable, 
and  the  extra  cost  of  about  one-half  more  seems  justified,  in  view 
of  the  greater  durability  and  added  security.  It  is  said  that  four- 
fifths  of  the  rods  in  use  are  of  the  star  variety;  that  is,  a  cross  section 
looks  like  a  star.  The  reason  for  this  is  due  to  the  theory'  that  elec- 
tricity flows  along  the  surface  of  a  conductor;  thus  the  greater  the 
superficial  surface  is,  the  greater  the  conductivity;  hence  comes  the 
advantage  of  rods  cast  in  this  shape.  They  are  twisted  also  to  add 
rigidit>',  and  they  have  screw  and  cup,  one  at  each  end,  for  jointing. 

Installation.  Conductors  should  never  be  insulated  but  should 
be  fastened  securely  in  place  against  the  building  with  suitable 
allowance  made  for  an  expansion  by  clamps  of  the  same  Inaterial 
as  the  conductors.  The  vertical  rods  should  be  carried  a  suflScient 
distance  from  the  wall  to  avoid  sharp  bends  around  projections,  and 
in  all  cases  as  straight  a  run  as  possible  should  be  provided. 

All  prominent  points,  such  as  spires,  cupolas,  observatories, 
ventilators,  chimneys,  and  gables,  must  be  furnished  with  a  rod 
and  point.  After  such  prominent  parts  of  the  building  are  protected, 
surfaces  of  plain  roof  must  be  protected  according  to  the  rule  that 
there  shall  be  no  stretches  of  ridge  of  more  than  30  feet  between 
points.  The  points  and  point  rods  as  above  must  be  furnished  with 
discharging  rods  according  to  the  rule  that  there  shall  never  be  less 
than  two  rods  to  the  ground  on  any  building,  and  never  more  than 
eight  points  to  two  discharging  rods  on  any  circuit  system  of  rods; 
and  should  the  building  require  more  than  eight  points,  it  will  be 
necessarj'^  to  have  an  additional  discharging  rod.  All  metallic  bod- 
ies should  be  connected  to  the  lightning  rod.  If  the  metal  body  is 
a  long  one,  like  a  steel  track,  it  would  probably  be  best  to  attach  it 
to  the  system  at  both  ends.  ^Vherever  one  metal  ramification 
approaches  another,  it  is  best  to  connect  them  metallically.  All  the 
cables  on  one  building  should  be  connected  into  one  system.    Divided 
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systems  should  be  scrupulously  avoided.  If  the  conductor  at  any 
))oint  of  the  course  goes  near  water  or  gas  mains,  it  is  best  to  connect 
it  with  them.  The  neighborhood  of  small  borey  fusible  gas  pipes 
and  indoor  gas  pipes  in  general  should  be  avoided.  Ground  rods 
must  terminate  with  copper  earth  plates  bedded  in  charcoal;  or  have 
good  electrical  contact  Ti-ith  some  water  pipe  or  cistern,  cesspool, 
or  well. 

Wire  fences  should  be  grounded  at  ever>'  eighth  post.  A  great 
loss  has  resulted  to  cattle  which  have  assembled  near  wire  fences 
during  storms.  Ships  are  now  all  protected  against  lightning,  hav- 
ing their  conductors  grounded  below  the  surface  of  the  water. 

LOCOMOTIVE  SPARKS 

The  hazard  of  locomotive  sparks  is  one  of  great  importance, 
but  it  has  not  receivetl  due  recognition  in  this  country-.  The  elec- 
trification of  our  railroads  in  congested  centers  and  the  use  of  oil- 
burning  locomotives  in  wooded  territorj"  should  be  strongly  advocated. 

Magnitude  of  the  Losses.  The  United  States  District  Forester 
for  Montana  and  Idaho  estimated  a  loss  to  the  Government  and 
to  adjoining  timber  of  6,000,000,000  feet,  or  a  total  of  $21,500,00(1 
c*ausc*d  by  1 ,070  firt*s,  50  per  cent  of  which  starte<l  on  the  railroad 
rights  of  wa\-  and  in  spite  of  good  co-operation  by  the  railroads. 
Many  of  th(»  great  forest  fires  in  Minnesota,  which  have  caustil  such 
loss  of  life  and  suffering  and  the  destruction  of  so  much  valuable 
pn)ix*rty  and  timber,  have  been  due  to  fires  which  were  started  by 
l(K»omotive  sparks. 

Four  fire  insurance  companies  which  make  a  si>ecialty  of  insur- 
ing flour  mills  and  elevators  paid  more  than  $160,000  in  1910  for 
losses  due  to  this  cause.  The  Cotton  Insurance  Association,  of 
Georgia,  has  reported  that  90  per  cent  of  cotton  fires  in  transporta- 
tion are  due  to  locomotive  sparks.  A  grain  dealers'  mutual  fire 
insurance  company  reports  each  year  from  17  to  28  per  cent  of  its 
losses  due  to  the  same  cause. 

Tlie  fire  records  of  manufacturing  risks  which  have  been  pub- 
lished in  the  Quarterlies  of  the  National  Firt*  Protection  Associa- 
tion show  a  ver\'  material  percentage  of  fires  from  locomotive  sparks; 
and  yet,  taken  as  a  whole,  we  would  not  consider  manufacturing 
risks  as  particularly  susceptible  to  the  spark  hazard.     The  record  of 
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fires  in  fifteen  classes  of  manufacturing  risks  showed  about  3  per 
cent  to  be  due  to  this  cause. 

The  Waste  from  Sparks.  Exliaustive  tests  on  locomotives 
have  proved  that  9  per  cent  of  the  available  source  of  heat  energy 
was  lost  through  unconsumed  fuel  in  the  fonn  of  cinders  or  sparks 
passed  out  of  the  stack.  Carefully  prepared  figures  show  this  to  be 
an  equivalent  of  twenty  million  dollars  or  more  today.  From  the 
results  of  tests  made^  it  was  concluded  that  this  fuel  loss  in  the  form 
of  cinders  collecting  in  the  front  end  and  passing  out  of  the  stack, 
admittedly  very  large,  may  readily  be  reduced.  The  results  there 
recorded  were  obtained  with  a  boiler  having  a  narrow  fire-box;  the 
losses  in  the  form  of  cinders  would  probably  be  smaller  with  a  wide 
fire-box.  A  sure  road  to  improvement  in  this  direction  lies  in  the 
direction  of  increased  grate  area.  Opportunities  for  incidental  sa\'- 
ings  are  to  be  found  in  improved  flame  ways,  such  as  may  be  pro- 
cured by  the  application  of  brick  arches  or  other  devices.  Such 
losses  may  also  be  reduced  by  greater  care  in  the  selection  of  fuel 
and  in  the  preparation  of  the  fuel  for  the  ser\'ice  in  w^hich  it  is  used. 

Drastic  Preventive  Regulations  in  Canada.  The  Canadian 
Government  recently  published  the  terms  of  a  sweeping  order  made 
by  the  Board  of  Railway  Commissioners  affecting  the  Grand  Trunk, 
Canadian  Pacific,  and  the  Canadian  Northern  Railways  in  British 
Columbia,  prescribing  regulations  for  the  prevention  of  fires  and 
regulating  the  operation  of  locomotives  within  that  province.  Every 
locomotive  must  be  fully  equipped  with  spark  arresters  of  a  specified 
size,  with  sheet  iron  dampers  and  overflow  pipes;  the  railways  must 
provide  inspectors  who  must  examine  each  locomotive  at  least  once 
a  week.  The  roads  are  prohibited  from  burning  lignite  coal  with- 
out special  permission  from  the  Board;  and  between  April  and  Novem- 
ber, the  burning  of  ties  and  other  refuse  alongside  the  tracks  is  for- 
bidden. Any  flre  starting  or  burning  within  300  feet  of  the  railway 
track  shall  be  presumed  to  have  started  from  the  railway.  When 
the  roads  use  oil-burning  engines  the  Board  may  relieve  them  of 
such  requirements  as  it  sees  fit.  The  regulations  are  the  most 
drastic  ever  applied  to  any  railroads  on  this  continent  and  were 
made  at  the  instance  of  the  Dominion  Forestrv  Association  and  the 
Dominion  Forestry'  Reserves  in  order  to  bring  about,  in  British 
Coliunbia,  the  speedy  adoption  of  oil-burning  locomotives  exclusively. 
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Xiimorous  fire^  (x-cur  from  the  spuiituticotis  tgiiition  of  oily 

waste,  oily  clothiiifr,  finishing  rags,  vtc,  and  it  is  e%-ident  thatsudi 

niatcriaU  should  not  be  allowed  to  collect  in  out- 

■  I  of-the-way  places.  Plumbers  are  indined  to  be 
can-k'ss  nith  oily  waste,  usually  dropjMiig  the 
waste  where  they  have  been  working  or  throw- 
ing it  under  the  work  bench. 
Oily  Waste.  A  sufficient  number  of  stand- 
ard waste  cans,  Fig.  328,  should  be  pro\ided  and 
all  oily  waste  should  be  placed  in  these  cans  dui^ 
ing  the  day  antl  remo\ed  from  the  building  at 
I  IB  «.«.  w  ii-i- 1  ^11  njjjjj^  without  fail.  Clean  waste  should  be  stored 
in  metal-lined  bins.  If  preferreil,  standard  cans  may  be  hung  from 
lM)st»,  i)rovid(Kl  tlie\-  are  arrangcxl  to  be  re.idily  removed  and  to 
niaintaiu  a  4-inch  clearance  to  wood  posts.  Wlien  waste  is  past  its 
usefulness,  it  should  be  burni-d;  and  care  should  be  used  to  keep  it 
separate  from  sweepings  or  other  refuse,  owing 
to  the  extra  liazartl. 

Sawdust,  riawdust  is  a  dangerous  incendiarj, 
often  used  as  a  daniix-ner  on  marlile  floors,  to 
(ill  cuspidors,  etc.  It  is  also  often  used  to  soak 
up  oil  drippings  in  front  of  barrels.  The  least 
bit  of  oil,  such  as  linseed,  grease,  oily  rags,  and 
the  like,  will  bring  on  a  rapid  oxidation  which 
w ill  e\entuiilly  cause  spontaneous  ignition  of  tlie 
sawdust.  .Sand  is  a  desirable  substitute  for  some 
of  these  uses. 

Workmen's  Clothes.  Workmen's  clothes  should, 
where  standanl  vaults  are  unavailable,  preferably 
Ik-  hung  in  tlic  ojK'n,  awaj-  from  inflanunable 
uuiterial  and  wliere  the  air  will  circulate  freely 
c  luiiii*  i-iK-kiT  alxnit  them.  Painters'  overalls  become  oil-soakeil 
and  are  \'cry  liable  to  cause  trouble  if  rolled  up  and  throBTi  about. 
In  oil  or  grease  risks  they  must  not  be  allowed  in  wo<xi  closets;  and  if 
place<l  in  iron  closets,  the  latter  should  be  of  ventilated  construction 
to  allow  air  circulation  and  ready  inspection.     Never  allow  oily  waste 
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to  be  put  in  these  closets.  Approved  metal  lockers  should  always 
be  advocated,  fig.  329.-^  '•"-.- 

Floor  Oils,  Etc  -Floor  pils,  with/greater  or  less  percentage  of 
vegetable  oil  in  the  mi^ctiue,.  are  being  used  very,  extensively  in 
dwellings,  halls/ schools,  .etc.  Mops,  .brushes;  and  cloths  used  in 
applying  these  should  be.  hung  .up  free  from,  contact  with  any  wood; 
or  else  they  should  be  kept  .outside-  the.  building  or  in  a  fireproof 
vault  inside  the  building: .  There  are  floor  brushes  which  offer  an 
element  of  danger,. suich  as  reservoir ^brilshes,  designed  to  use. kero- 
sene for  laying  dust  .when 'Sweeping*  floors.  There  is.  also  danger  of 
gasoline  being  substituted.  '     .      . 

Sweeping  Compounds.  Sweeping  nurtures  sold  under  various 
trade  names  used  for  laying  dust  vary  considerably  in  respect  to.  fire 
hazard.  Linseed  and  other  vegetable  oils  capable  of  producing 
spontaneous  heating  bave  been  found  in  some  of  these  preparations. 
Gasoline  and  kerosene  have  also  been  found  in  these  preparations^ 
The  coiiq)arative 'hazards  of  most  of  these  compounds  can  be'fout)d 
by  consulting  the  List  of  "Gas,  Oil,  and. Chemical  Appliances.'* 

Dust  Clothsl.'  Dustless  mops,  and  dust  cloths  niade-of-fine  cot? 
ton  saturated  with  oil,  offer  a  serioiis.  hazard.  Some  manufacturer3 
seem  to  recognize  this  and  offer,  silk  cloths  and  especially,  prepared 
nob-hazardous  cloth  which  diould  be  looked  upon  with  serioui^skep* 
ticism.  •  : 

Filings.  In  machine  shops,  iron  and  steel  filings  dropped  to  the 
floor  become  oil  soaked- and  will  cause  combustion.  Filings  should 
be  removed  every  evening  and  the"  broom  or  brush  uised  in  sweeping 
them  up  should  be  kept  outside,  the  building.    .   .  * 

SMOKING 

Little  need  be  said  concerning  this  •  v^**-  common,  perfectly 
well-recognized,  and  most  .prevalent  cause  of  ,fire.  Tobacco  is  the 
most  extensively  used  luxury  on  the  faoe  of  the  earth  and  its  con- 
sumption is  not  confined  to  any  particular  class  or  nationality.  Peo- 
ple of  all  walks  of  life  and  of  all  races  are  addicted  to  its  use,  and  the 
habit  is  growing  in  a  manner  that  is  astonishing.  It  is  estimated 
that  21,718,448  cigars  are  buriied  in  the  United  States  every  twenty- 
four  hours,  or  251  every  second  of  the  day  and  night  the  year  around. 
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There  are  nearly  24  million  cigarettes  consumed  every  day,  or  nearly 
a  million  every  hour,  and  over  $60,000,000  a  year  are  spexit  on  this 
habit.  Is  it  any  wonder  that  smoking,  combined  with  the  cardess 
use  of  matches,  causes  more  fires  today  than  any  other  one  thing. 
In  factories  using  much  inflammable  stock,  workmen  should 
be  compelled  to  use  approved  or  safety  matches  only,  to  be  supplied 
by  the  management,  if  necessary,  to  secure  enforcement  of  this  rule. 
Workmen  should  be  instructed  to  take  care  of  their  pipes,  and  coats 
should  not  be  left  about.  There  is  no  objection  to  allowing  smok- 
ing in  boiler  rooms  during  the  noon  hour;  and  in  large  works,  cft  stores 
employing  many  men,  spedal  smoking  rooms  might  be  safely  and 
advantageously  arranged.  The  New  York  Bureau  of  Fire  Pre^'en- 
tion  posted  the  following  signs  in  buildings  where  the  conditions 
make  careless  smoking  and  use  of  matches  an  eminent  hazard :  "Smok- 
ing prohibited  in  these  premises  under  penalty  of  fine  or  imprison- 
ment or  both."  The  follo\iang  sign  is  frequently  found  desirable: 
"Smoking  prohibited  by  order  of  the  Underwriters."  Xo  rules  wiH 
eliminate  the  careless  disposal  of  smokers'  matches,  glowing  butts, 
flying  embers  from  pipes,  etc.  Ever>'  student  should  be  a  self- 
appointed  emissary  for  the  purpose  of  reforming  some  well-known 
careless  smoker,  possibly  himself.  Cigarette  smoking  should  be 
prohibited  under  all  conditions  within  the  premises  of  shops, 
department  stores,  etc.  Numerous  fires  are  caused  by  cigars  and 
cigarettes  falling  upon  window  awnings.  It  is  recommended  that 
all  such  awnings  be  fireproofed,  just  as  scenery  in  the  theater  is  fire- 
proofed.  Cuspidors  should  be  of  metal.  The  use  of  wood  boxes, 
especially  when  filled  with  sawdust,  should  never  be  allowed  for 
this  purpose. 

MATCHES 

Besides  the  numerous  fires  which  are  caused  by  matches,  due 
directly  to  their  careless  disposition  by  thoughtless  smokers,  nMiny 
fires  are  due  to  their  general  use  and  to  the  common  and  promiscuous 
maniKT  in  which  they  may  he  obtained.  Children  love  to  play  with 
matches,  and  many  precious  lives  are  lost  everj*^  year,  due  primarily 
to  the  criminal  negligence  of  grown-ups.  The  parlor  match,  or  snap 
match,  which  has  l>een  in  such  general  use  has  become  an  abomina- 
tion.   These  matches  are  frequently  stepped  on  by  women  and 
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their  gowns  ignited.  Many  tragedies  have  thus  occurred.  Firt»- 
prevention  engineers  have  long  tried  to  legislate  all  kinds  of  strike*- 
any-where  matches  out  of  existence  and  have  strongly  recommended 
the  use  of  safety  matches  or  those  which  strike  only  on  specially 
prepared  surfaces.  The  burning  of  property  will  continue,  how- 
ever, as  long  as  there  are  matches  of  any  sort  that  will  light  from 
friction  with  any  kind  of  surface. 

Hughes-Esch  Bill.  The  Hughes-Esch  bill,  which  was  passed 
by  Congress,  will  stop  the  manufacture  of  white  phosphorous  matches 
after  July  1,  1913.  In  view  of  the  increased  temperature  of  the 
ignition  point  in  matches  made  under  its  provisions — being  not  less 
than  300**F.,  produced  by  friction,  as  against  200**  or  less,  for  parlor 
matches — ^matches  must  be  a  greatly  reduced  fire  hazard  as  com- 
pared with  those  of  white  phosphorus  used  in  the  past.  The  Dia- 
mond Match  Company,  who  controlled  a  French  patent^or  the  manu- 
facture of  these  matches,  gave  up  their  exclusive  right  to  it,  and  any 
manufacturer  can  now  produce  the  double-tip,  non-poisonous,  ses- 
quisulphide  of  phosphorus,  strike-any-w^here  match. 

Laboratory  Tests.  The  Underv^-riters'  laboratories  have 
recently  completed  tests  of  matches,  and  as  a  result  are  fwrepared  to 
standardize  and  label  such  goods.  The  four  types  of  protected 
matches  which  they  are  proposing  to  label  are: 

Type  A,  the  strike-on-t he-box  match. 
Type  B,  inert  bulb,  protected  tip  match. 
Type  C,  single-dip,  safeguarded  head  match. 
Type  D,  inert  bulb,  ordinary  tip  match. 

The  report  contains  some  interesting  data  as  regards  fire  haz- 
ards of  matches,  and  especially  those  arising  from  the  throwing  off 
of  blazing  particles  which  are  responsible  for  most  of  the  match  acci- 
dents and  fires.  It  states  that  the  composition  of  the  heads  of  Type 
A,  as  is  common  with  strike-on-the-box  matches,  is  of  the  explosive 
character  likely  to  be  accompanied  by  a  fly  hazard ;  while  the  com- 
position of  Tx'pes  B,  C,  and  D  is  non-explosive  and  practically  free 
from  any  fly  hazard.  The  results  of  the  comparative  tests  of  the 
fly  hazard  of  samples  of  Types  A,  B,  C,  and  D  showed  that  Type  A 
compares  very  favorably  in  this  respect  A^-ith  representative  foreign 
types  of  strike-on-the-box  matches;  and  that  T>T>es  B,  C,  and  D 
possess  no  material  fly  hazard. 
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Fire  Hazards.  In  res|K*i*t  to  fin*  hazard.  Types  A,  B,  and  C 
are  safeguarded  to  as  fn^at  an  extent  as  is  commercially  practical 
under  the  present  status  of  this  industry':  Txpe  A  is  less  hazardous 
than  the  ordinary-  class  of  strike-on-the4x)x  matches,  and  Tj^pes 
A,  B,  and  C  are  considerably  less  hazardous  than  the  common  strike- 
any-where  type  of  matches,  such  as  the  ''parlor".  Tj'pe  A,  as  made 
with  strong  approximately  round  splints,  is  in  some  respects  a  little 
less  hazardous  than  Types  B  and  C ;  while  Tj-pe  B  is  in  some  d^ree 
safer  than  Tx-pe  C.  Matches  of  this  type  do  not  strike  readily  on 
cloth  or  other  soft,  yielding  substances,  but  ignite  acceptably  on  an 
abrasive  siuface.  It  is  claimed  for  them  that  their  sticks  are  strong 
and  made  of  white  pine,  and  are  not  treated  by  chemicals  which  take 
the  life  out  of  the  wood  and  weaken  the  match  stick.  It  is  impor- 
tant to  note  that  this  type  of  match  will  not  ignite  by  side  friction 
but  must  be  fitruck  on  the  tip.  Matches  of  this  class  manufactured 
by  the  Diamond  Match  Company  are  to  be  approved  and  labeled. 
Type  D  is  not  from  the  fire  insurance  point  of  \iew  satisfactorily 
safeguarded  in  respect  to  sensitiveness  to  ignition. 

Foreign  Safety  Matches.  Laboratory-  examination  of  the  for- 
eign safety  matches  showed  them  to  be  inferior  to  and  more  danger- 
ous than  the  American  product.  Their  principal  hazard  was  in  the 
splints.  In  a  number  of  brands  these  were  of  poor  quality  and  broke 
wlu'ii  the  matches  were  struck,  allowing  lighted  heads  to  fall.  This 
probably  was  due  to  the  weakening  of  the  fiber  by  the  chemical 
treatment  of  tlie  sticks.  A  few  of  the  foreign  brands  also  showed 
sparking  hazards. 

Rats  and  Matches.  It  has  long  been  customary  to  attribute 
the  cause  of  many  fires,  which  could  not  be  otherwise  accounted  for, 
to  the  ^Miawing  of  matelies  by  rats  and  mice.  Nearly  all  fires  which 
started  in  partitions  or  out  of  the  way  places  were  easily  explained 
in  thi>  way.  Kdward  Ateliison,  years  ago,  conducted  experiments 
with  li\  iug  mice  and  matches  which  seemed  to  prove  this  theory 
plausil)le.  Other  investigators  have  bet*n  unable  to  prove  the  sound- 
ness of  liis  theory  and  there  have  been  many  scoffers  at  the  idea. 
There  are  authenticated  cases,  however,  in  which  mice  and  rats  have 
used  matelies  in  the  building  of  their  nests  in  which  there  might 
have  l)een  some  incidental  friction  in  the  placing  of  the  matches  in 
their  desired   positions  or  in  drawing  them  along  to  the  desired 
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locality.  Such  a  hazard  will  be  largely  overcome  by  the  adoption 
of  the  approved  t^^pe  of  matches  and  safety  matches.  Tests  recently 
conducted  by  the  Laboratories  seem  to  show  conclusively  that  ingre- 
dients are  used  in  the  modern  match  composition  whose  odor,  fumes, 
and  taste,  while  not  poisonous,  are  strongly  obnoxious  to  rats  and 
mice;  indeed,  rodents  will  starve  to  death  before  they  will  attempt 
to  gnaw  such  chemical  compounds.  The  results  of  cutting  tests 
show  that  Types  A,  B,  and  C  are  safeguarded  sufficiently  in  respect 
to  ignition  by  friction  to  make  it  difficult  for  a  rat  or  mouse  to  ignite 
the  composition  by  gnawing. 

UNCLEANLINESS,  RUBBISH,  AND  SWEEPINQS 

Good  housekeeping,  or  general  care  and  cleanliness,  is  the  best, 
simplest,  and  easiest  preventive  against  fires.  It  applies  to  all  kinds 
and  classes  of  property  alike.  The  neglect  of  closets,  corners,  dark 
places,  under  stairs,  etc.,  is  as  conunon  in  the  dwelling  as  in  the  fac- 
tory, mercantile  property,  or  hall,  school,  or  church. 

Factory  Conditions.  There  is  no  good  reason  for  finding  a 
manufacturing  plant  dirty  and  neglected.  In  some  cases,  it  is  the 
lack  of  help,  which  can  be  remedied;  in  others,  the  result  of  falling 
into  a  rut,  which  should  be  remedied;  and  still  more  often,  it  is  a  case 
of  absolute  neglect  on  the  part  of  some  one  on  the  inside,  and  must 
be  remedied  in  order  to  obtain  safe  conditions.  An  example  of 
typical  factory  uncleanliness  is  shown  in  Fig.  330. 

It  is  apparent  also  that  a  fire,  starting  from  whatever  cause 
it  may,  be  it  near  the  ceiling  or  on  the  floor,  will  spread  much  more 
rapidly  if  there  is  more  or  less  light,  fluffy  material,  than  if  the  sur- 
faces are  kept  clean.  Such  a  minor  matter  as  lint  on  the  electric 
light  drop  is  a  feature  that  should  have  careful  attention.  There  is 
a  possibility  of  a  short  circuit  always  existing  in  the  lint  ready  to 
spread  the  fire  to  dangerous  points,  like  the  fuse  in  a  blast. 

As  a  further  evidence  of  the  importance  of  cleanliness,  in  nine 
cases  out  of  ten  the  product  obtained  in  a  clean  mill  is  far  more  sat- 
isfactory than  in  a  mill  where  the  cleanliness  is  neglected,  so  that  any 
eflFort  put  forth  towards  further  cleanliness  should  be  well  rewarded 
by  better  products. 

Remedies.  Factories  should  be  swept  daily  and  the  refuse 
at  once  removed  and  burned  or  temporarily  stored  in  fireproof  vault 
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outsde.  Hiis  work  should  be  done  in  a  regular  and  aytUaimdi 
manner.  In  large  plants  it  should  be  a  special  deftartment,  the 
same  as  a  street  department  in  a  large  dty.  Waste  or  refuse  diute^ 
while  convenient,  are  frequent  causes  of  fire  and  are  liaUe  to  ouse 
trouble  no  matter  how  well  constructed,  lie  refuse  sfanuU  be 
placed  in  standard  metal  barrels  and  removed  at  once  to  the  boikr 
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nwm  and  burned;  ne\er  should  it  be  left  in  the  factor?'  overniirfit. 
Tlif  lurpo  ijrojjortion  of  fires  due  to  the  improper  accumulation  ot 
waste  papers,  sweepings,  and  rubbish  shows  the  importance  of  thij 
liHXurd.  Every  ton  of  paper  represents  a  value  of  from  ten  to  twenty 
dollars.     Modern  ingenuity  has  devised  machines  for  baling  paper 
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regularly,  so  that  it  may  be  conveniently  and  economically  cared- for 
until  sold.  Thus  practical  utility  can  be  combined  with  the  reduc- 
tion of  hazard.  The  vacuum  cleaning  system  is  now  effectively 
used  in  dweUings,  halls,  mercantile  property,  etc.  Its  forerunner  is 
the  dust-collecting  suction-blower  system  found  in  woodworking 
plants.  This  system  should  be  readily  modified  to  fit  any  conditions 
and  should  find  a  far  greater  range  of  usefulness  than  it  now  enjoys. 
In  the  ordinary  factory  it  is  not  uncommon  to  see  under  the  elevator 
mechanism  a  dirty  mess  of  grease  and  dust.  This^^may  be  avoided 
easily  and  cheaply  by  suspending  a  shallow  pan  under  the  apparatus 
to  catch  the  oily  drip  from  the  bearings  and  then  cleaning  the  pan 
frequently.  Where  windows  are  below  the  level  of  sidewalks,  and 
areas  are  constructed  for  the  admission  of  light,  the  owners  of  the 
buildings  should  be  careful  to  prevent  the  accmnulation  in  such  places 
of  dried  leaves,  straw,  or  other  combustible  material,  for  a  falling 
cigar  or  spark  from  a  neighboring  fire  might  easily  ignite  them. 

Trash  Burners.  It  is  surprising  how  many  merchants  dispose 
of  their  rubbish  by  burning  it  loose  on  the  ground  or  in  receptacles 
which  offer  little  protection  against  flying  brands.  A  form  of  burner 
that  has  proved  very  practical  and  one  of  sufficient  size  to  be  ade- 
quate for  several  parties  (this  can  be  built  at  a  nominal  expense 
by  clubbing)  can  be  made  as  follows:  A  furnace  is  built  of  brick, 
stone,  or  concrete,  about  four  by  four  by  eight  feet  in  dimensions. 
It  has  a  door  at  one  end,  and  the  top  is  a  sheet-iron  lid  on  hinges. 
The  chimney  has  a  wire  screen  for  arresting  sparks.  A  grate  is 
built  inside  some  inches  from  the  ground  so  as  to  allow  a  draft. 

USB  AND  HAZARDS  OP  INFLAMMABLES,  VOLATILES,  AND 

EXPLOSIVES  * 

The  use  or  storage  of  fluids  giving  off  inflammable  vapors  at  ordi- 
nary temperatures,  even  with  all  known  precautions,  is  a  danger  which 
should  always  be  recognized.  Most  of  the  fires  caused  by  such 
materials  are  due  to  carelessness  in  the  handling  of  the  oil  after  it  has 
been  drawn.  Dealers  frequently  draw  the  oil  on  order,  then  let  the 
cans  stand;  or  the  faucets  on  barrels  or  tanks  are  not  tightly  closed. 
There  will  always  be  some  spillage  or  leakage.    The  floors  become 

•For  details  of  Coal  Tar  and  By-Producta,  Petroleum  and  By-Product«,  Miscellaneous 
Inflammable  Productu,  and  certain  Explosives,  the  reader  is  referred  to  "Chemistry  of  Com- 
bustion." 
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oil  soaked  and  are  resdy  for  some  dg&rette  smoker  or  other  ctrdos 
person  with  a  match  to  start  a  fire. 

Fig.  331  illustrates  suggestions  for  inside  oil  rooms  whac  tliey 
should  be  permitted  only  by  consent  of  Underwriters  ha\'ing  juris- 
diction.   Suggestions  for  location,  protefrtion,  and  proper  tniiiite- 


Fig.  331.     SUndud  Oil  Room 


nance  of  such  rooms  are  given  in  Rules  and  Requirements  pamphlet 
entitled  'Tniform  Rcqiiirements",  These  specifications  are  intended 
only  for  the  small  inside  oil  room  designed  for  the  storage  and  safe 
keeping  of  the  dail\-  supply  of  oils,  paints,  varnish,  etc.,  and  also  for 
the  storage  of  paint  cans,  or  pots,  and  oil  cans  at  night.  The 
main  supply  of  oils,  varnish,  paints,  etc.,  must  be  kept  outside  the 
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main  building  or  buildings.  Gasoline,  benzine,  naphtha,  or  similar 
compounds,  except  in  small  quantities  in  approved  safety  cans,  must 
not  be  stored  in  oil  room  or  in  factory. 

Qasoline.  The  characteristics  of  gasoline  have  been  previously 
mentioned,  but  the  average  man  and  woman  still  need  to  be  suitably 
warned  of  its  danger  when  used  for  simple  domestic  purposes.  Gaso- 
line should  be  used  in  Open  air  wherever  possible;  but  if  it  must  be 
used  in  the  house,  all  the  windows  should  be  opened  wide  and  a  suffi- 
cient draft  created  to  drive  all  the  vapor  from  the  room.  It  is 
almost  criminal  to  use  gasoline  in  the  kitchen  or  other  rooms  where 
it  is  exposed  to  fire.  The  vapor  has  been  known  to  jump  30  feet 
from  a  tank  in  the  open  air  and  explode  with  such  violence  as  to 
wreck  the  tank  car  and  bum' all  the  buildings  in  the  immediate  neigh- 
borhood. It  is  not  necessary  to  touch  a  match  to  it.  A  spark  from 
the  heel  of  a  shoe  striking  a  tack  or  nail  will  explode  the  vapor. 
A  lighted  gas  jet  will  produce  the  same  result.  Keep  gasoline  away 
5''om  every  kind  of  flame,  even  if  that  flame  is  enclosed,  as  in  a  stove 
or  furnace.  Articles  dipped,  washed,  or  soaked  in  gasoline  give  off 
an  explosive  vapor  for  hours  after.  They  should  be  thoroughly  aired 
before  being  used  and  always  kept  away  from  exposed  flame.  Fric- 
tional  electricity  generated  by  washing  silks,  etc.,  in  gasoline  will 
ignite  the  fluid. 

Polishes.  Several  metal  and  stove  polishes  on  the  market  con- 
tain quantities  of  benzine  and  other  in^^mmables.  Therefore,  all 
polishes  should  be  carefully  investigated  and  only  those  allowed  that 
can  reasonably  be  called  safe. 

Alcohols.  Grain,  or  Ethyl,  Alcohol.  Grain,  or  ethyl,  alcohol  is 
made  principally  from  corn.  Absolute  alcohol  gives  off  inflanunable 
vapors  at  51**F.  Alcohol  of  80  per  cent  strength  gives  off  vapors 
at  68**F.  and  that  of  50  per  cent  at  75j°F.  Vapors  reach  the  final 
limit  of  inflammability  when  about  4  per  cent.  A  solution  containing 
but  one  per  cent  of  alcohol  will  give  off  vapors  containing  13 
per  cent,  these  vapors  being  both  inflanmiable  and  explosive. 
The  vapors  are  explosive  between  the  limits  of  4  and  13.6,  this  being 
an  explosive  range  of  9.6,  while  benzine  has  a  range  of  only  2.3. 
However,  vapors  of  alcohol  will  not  ignite  from  pure  radiated  heat 
and  low  temperatures,  as  gasoline  does,  but  requires  a  temperature 
of  176**F.  and  an  open  flame  or  electric  arc  to  be  exploded.    Alcohol 
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above  95  per  cent  ignites  readily  when  cold  and  above  60  per  cent 
is  more  inflammable  than  kerosene.  Since  its  flame  is  almost  devoid 
of  free  carbon  particles,  it  has  very  little  heat-radiating  power. 
Alcohol  has  the  objectionable  property  of  being  very  diffusible  and 
will  penetrate  almost  any  substance  except  glass  and  metals.  It 
also  leaks  readily  when  mixed  with  water.  When  spilled,  alcohol 
evaporates  ver>'  quickly.  Chving  to  its  ability  to  mix  readily  and  in 
all  proportions  with  water,  it  b  far  superior  to  most  other  volatiles. 
When  diluted  to  one-half  its  strength  it  can  not  bum  and  will  not 
spread  fire  as  in  the  case  of  gasoline. 

Wood,  or  Methyl,  Alcohol.  Wood,  or  methyl,  alcohol  is  obtained 
from  the  destructive  distillation  of  wood.  Crude  wood  alcohol 
contains  from  73  to  90  per  cent  real  methyl  alcohol  and  a  large 
amount  of  acetone,  an  inflanunable  and  explosive  liquid  about  equal 
in  danger  to  benzine.  Wood  alcohol  vaporizes  at  a  lower  tem- 
perature, is  more  inflanunable,  and  is  in  every  way  more  dangerous 
than  ethyl  alcohol. 

Denatured  Alcohol.  The  Act  of  Congress  which  was  passed 
June  7,  1906,  provided  for  the  withdrawal  from  bond,  tax  free,  of 
domestic  alcohol  if  rendered  unfit  for  beverage  or  liquid  medicinal 
uses  by  the  admixture  of  denaturing  materials.  It  is  classed  as 
CH>mpletely  denatured  alcohol  and  specially  denatured  alcohol. 
There  are  two  authorized  formulas  for  completely  denatured  alcohol. 

(/)  One  hundred  part^  by  volume  ef  ethyl  alcohol  of  not  less  than 
fMf  jyer  cent  strength  {180  degrees  proof),  two  parts  by  volume  of  approved 
methyl  alcohol,  one-half  of  one  part  by  volume  of  approved  pyridine  bases. 

(^)  One  hundred  parts  by  volume  of  ethyl  alcohol  of  not  less  than 
iK)  ])er  cent  strength,  ten  parts  by  volume  of  approved  methyl  alcohol, 
one-half  of  one  part  by  rolume  of  approved  benzine. 

This  latter  formula  is  the  one  generally  used.  It  is  the  mixture 
advertised  and  sold  for  heating,  lighting,  power,  cleaning,  etc., 
under  various  trade  names,  such  as  Pyro,  etc.  Alcohol  denatured 
in  any  other  manner  is  classed  as  specially  denatured  alcohol  and  is 
used  for  industrial  purposes  in  the  various  manufactures  and  arts 
in  castas  where  completely  denatured  alcohol  would  be  unsuitable  for 
usi\ 

Hazards.  It  is  obvious  that  denatured  alcohol  should  have 
the  general   cliaracteristics  and  hazards  of  grain   alcohol.     It  is 
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equally  obvious  that  the  small  amount  of  benzine  added  to  it  should 
have  no  effect  on  the  hazard  of  the  whole,  and  that  denatured  alcohol 
is  preferable,  from  every  point  of  view,  to  gasoline.  The  effect  of 
the  addition  of  wood  alcohol  is  a  somewhat  mooted  question,  some 
holding  that  the  hazard  of  denatured  alcohol  approaches  that  of 
wood  alcohol.  The  author  is  inclined  to  hold  that  denatured  alcohol 
can  be  considered  in  the  same  class  as  grain  alcohol. 

CONTAINERS  FOR   HAZARDOUS  FLUIDS,  STORAQE  AND 

SUPPLY  SYSTEMS 

Certain  systems  when  approved  and  labeled  may  be  permitted 
for  use  when  installed  according  to  the  Rules  and  Requirements, 
if  not  in  violation  of  any  state  law  or  local  ordinance,  and  if  the 
company  insuring  the  property  consents  to  the  same  in  writing  on  its 
jxAicy.  The  List  of  Gas,  Oil,  and  Chemical  Appliances  should  be 
consulted.  In  ever>'  case  be  sure  that  the  trade  name  together 
with  the  name  and  address  of  the  manufacturer  is  marked  on  the 
device.  In  Class  B  the  words  Lotig  Distance  should  appear.  The 
use  or  storage  of  fluids  giving  off  inflammable  vapors  at  ordinary 
temperatures  even  with  all  known  precautions  is  a  danger  which 
should  always  be  recognized. 

Class  A  Isolated  Storage  Systems.  Systems  which  provide 
for  storing  and  handling  gasoline,  naphtha,  and  similar  fluids,  out- 
side of  and  so  removed  from  adjoining  property  as  not  to  create  an 
exposure  thereto,  are  considered  from  an  insurance  viewpoint  as 
the  least  dangerous. 

Class  B  Inside  Discharge  Systems.  These  systems,  which 
introduce  fluids  giving  off  inflammable  vapors  inside  of  the  build- 
ing, are  regarded  from  an  insurant  viewpoint  as  more  dangerous 
than  isolated  storage  systems.  Particular  attention  is  called  to  the 
rule  requiring  storage  tanks  used  with  these  systems  to  be  installed 
outside  of  and  removed  a  proper  distance  from  the  building. 

The  different  inside  discharge  systems  are  classified  as  to  relative 
hazard  as  follows: 

(/)  Systems  which  have  storage  tank  outside  and  located  in  an 
improved  manner  underground,  and  which  will  i>ermit  no  hazardous 
fluid  to  be  discharged  inside  the  building  by  any  derangement  of  the 
system. 
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{£)  Approved  systems  which  haee  storage  tank  outside  and 
underground;  which  wiil  permit  no  more  than  one  gallon  of  hazardous 
fluid  to  he  discharged  inside  the  building  by  any  derangement  of  the 
system;  and  which  use  a  suction  pump  feed. 

Inside  Discharge  System  Pump.  This  device  is  considered 
suitably  safeguarded  only  when  installed  with  a  properly  screened 
vent  pipe  leading  from  the  upper  end  of  the  cylinder  to  the  outside 
of  building,  and  when  installed  in  conjunction  with  an  outside  tank 
constructed  and  installed  in  accordance  with  the  Rules  and  Require- 
ments. 

Underground  Storage  Tanks.  These  devices  are  designed  for 
the  underground  storage  of  hazardous  fluids  and  are  suitable  for 
use  in  connection  with  Inside  Discharge  Systems,  Isolated  Storage 
Systems,  Gasoline  Engines,  etc. 

Portable  Tanks.  These  devices  are  intended  for  filling  auto- 
mobile tanks  in  garages.  They  consist  of  metal  tanks  of  approxi- 
mately one  barrel  (50  to  60  gallons)  capacity,  mounted  on  wheeb, 
and  pn>vided  with  a  measuring  pump.  These  tanks  are  substan- 
tially constructed  and  are  provided  with  reliefs  for  abnormal  pressures. 
A  supply  system  which  introduces  hazardous  fluids  inside  the  build- 
ing is  regarded  from  an  insurance  vie^ipoint  as  a  distinct  increase 
in  hazard,  which  should  be  recognized  by  I'nden^riters. 

Stationary  Tanks  in  Buildings.  These  devices  are  designed 
for  the  storage  of  paints,  oils,  varnish,  turpentine,  and  linseed  oil 
(not  for  storage  of  benzine  or  gasoline),  and  are  considered  as  a 
decided  improvement  over  the  storage  of  such  materials  in  wooden 
barrels,  hut  can  not  be  considered  as  entirely  eliminating  the  hazard 
of  storage  of  paints,  oils,  varnish,  turj^entine,  and  linseed  oil  in  the 
building,  and  should  not  be  used  as  a  substitute  for  inside  discharge 
systems  having  outside  storage. 

Explosives.*  Kxplosives  are  subject  to  the  local  ordinances 
in  any  well-regulated  city  or  town  that  has  any  regard  for  its  civic 
welfare.  The  ordinances  which  have  been  prepared  by  the  National 
Fin*  Protection  Association  and  recommended  by  the  National 
Board  of  Fire  Underwriters  should  be  studied  and  suggested  where 
appropriate. 


♦F«jr  (IftailH   cotu-<rniug  ih»'  niituro  of    certain  ezplosivetf,  the  [reader  is  referred    to 
"Chemistry  of  Combustion",  pugv  87. 
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MISCBLLANBOUS  HAZARDS 

Electric  Signs.  The  first  rule  to  make  signs  safe  is  that  they 
be  constructed  entirely  of  metal  and  that  the  ^"iring  be  done  in  accord- 
ance with  the  requirements  of  the  National  Electrical  Code.  Interior 
signs  must  be  wired  in  accordance  with  the  rules  governing  interior 
wiring,  and  outside  signs  must  be  wired  in  accordance  with  the  rules 
governing  exterior  work.  Signs,  whether  they  be  electric  or  other- 
wise, present  two  other  hazards.  A  sign  on  the  front  of  a  building 
or  on  the  roof  may  be  a  means  of  communicating  fire  from  one 
building  to  another,  and  in  some  cases  they  help  to  destroy  the  pro- 
tection that  parapet  walls  afford.  Another  hazard  is  the  interference 
they  present  to  the  fire  department.  The  sign  itself  and  the  guide 
wires  and  cables  will  not  only  break  streams  of  water,  but  will  pre- 
vent the  best  use  of  ladders  and  other  arrangements  on  which  streams 
are  carried  to  points  above  the  ground. 

Cloth  Signs.  The  use  of  cloth  advertising  signs  in  front  of 
stores,  vacant  buildings,  and  billboards  is  a  decided  fire  hazard 
and  a  menace  to  life  and  to  property.  All  such  should  be  removed 
wherever  they  are  in  use.  Every  sincere  fire  prevention  disciple 
should  do  all  in  his  power  to  eradicate  the  use  of  this  method  of 
advertising  in  his  city. 

Billboards.  These  frequently  offer  a  very  serious  hazard. 
When  built  of  wood  and  to  excessive  height,  they  may  contain  a 
large  amount  of  combustible  material  and  often  imperil  the  safety 
of  adjacent  buildings  or  even  those  across  the  street.  The  Chief 
of  the  Fire  Department  or  some  one  of  equal  authority  in  a  fire 
prevention  bureau  or  fire  marshal's  oflBce  should  pass  upon  these 
hazards.  No  billboard  should  be  more  than  10  feet  in  height,  nor 
measure  more  than  10  feet  from  the  eaves  of  any  building  with  a 
pitched  roof. 

Fumigation.  The  burning  of  sulphur,  or  exposing  fumes  of 
the  volatile  carbon  bisulphide,  which  is  highly  explosive  in  mix- 
ture with  air,  are  distinct  hazards.  Various  kinds  of  dips  and  washes 
for  this  purpose  have  benzine  as  a  component  part. 

Use  of  Water.  This  is  often  the  means  of  producing  fire. 
It  is  direct^  so  in  the  case  of  fire  produced  by  quicklime.  It  is  a 
necessary  adjunct  to  spontaneous  ignition  of  charcoal,  fibrous  sub- 
stances, etc.     In  the  storage  of  calcium  carbide,  water  is  its  only 
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danger.  (Xher  c*heinicals  will  react  in  a  similar  manner,  conspicuous 
among  which  is  sodium  peroxide,  a  bleaching  agent.  Hydrogen 
peroxide  is  given  off  when  water  is  added.  Where  there  is  chemical 
action  there  will  be  heat,  hence  the  danger  here. 

Working  Over  Hours.  Woridng  over  hours  produces  fires 
through  the  sleepy  indifference  of  tired  workmen.  Fires  have  been 
discovered  in  a  building  which  was  burning  briskly  in  the  upper 
stories,  while  the  workmen  below  knew  nothing  of  it. 

Seasonal  Hazards.  Winter.  In  thawing  out  frozen  water  pipes, 
heating  apparatus^is  often  forced  to  the  point  of  danger. 

Summer,    Burning  of  brush,  grass,  and  rubbi^  is  dangerous. 

Spring.  Endeavors  in  house  cleaning  and  repairing  frequently 
lead  to  carelessness  and  conditions  that  cause  fires. 

Fall.  Neglect  to  inspect  stovepipes,  flues,  and  heating  apparatus 
for  defects  due  to  rust  and  idleness  causes  fires  when  the  first  cold 
spell  arrives  and  heaters  are  started. 

Fourth  of  July  and  Christmas.  The  cause  of  the  horrors  that 
have  attended  these  festive  occasions  is  too  well  known  to  be  described 
in  this  volume.  Everyone  should  supply  himself  with  a  large  num- 
ber of  the  bulletins  issued  by  the  National  Fire  Protection  Associa- 
tion preceding  each  of  these  holidays,  and  supply  the  local  papers, 
s<x*ieties,  churches,  etc.,  where  such  warnings  may  become  effective. 
Those  cnpagt^tl  in  the  insuranc^e  business  should  furnish  their  clients 
with  these  huiietins. 

(\'lf  brat  ions.  Celebrations,  with  the  spirit  of  freedom  which 
prevails,  with  the  use  of  inflammable  decorations  and  tinsel,  with 
the  prest^nce  of  fireworks,  with  the  crowds  of  people,  carefree  and 
i'arelex>.  smoking,  and  throwing  countless  lighted  matches  about, 
all  offtT  a  j^)eri(Hl  of  greatly  increased  hazard.  Special  precautions 
shouKl  W  taken  during  such  festivities. 

Strikes.  The  enmity  of  ilissatisfitxi  or  discharged  hands,  espe- 
cially in  seasons  of  strikes,  sometimes  leads  to  fires  and  is  a  danger 
wliic'h  should  \ye  cart»fully  considered.  Employers  who  are  con- 
stantly quarreling  with  their  help  are  undesirable  clients  from  the 
uuilerwriting  standpoint. 

Hazard  of  Pre\ious  Fires.  Frequently  fires  occur  in  premises 
in  which  tin's  have  alrt^adv  broken  out  and  caused  more  or  less 
damage,  after  the  (original  firt*  is  presumably  extinguished,  due  to 
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smouldering  embers,  flying  sparks,  etc.,  being  rekindled.  Insufficient 
attention  to  extinguishment,  a  change  or  rise  of  wind,  and  lack  of 
proper  watchfulness  and  safeguards  thereafter  are  the  prominent 
factors  which  infljuence  the  starting  of  second  ignition.  Fires  are 
frequently  caused  by  electrical  fixtures  and  wiring  that  have  been 
deranged  or  damaged  by  previous  fires  in  the  same  buildings.  After 
ever>'  partial  loss  in  a  building  in  which  electricity  is  used  for  light, 
heat,  or  power,  all  wiring  and  controlling  devices  should  be  carefully 
inspected  by  a  competent  person  before  the  equipment  is  used  again. 
The  damage  done  by  the  lightning  as  a  rule  is  very  small  (some 
boards  may  be  splintered  or  roof  torn  away)  unless  the  owner  neg- 
lects immediately  thereafter  to  inspect  the  building  carefully  at  all 
points  and  guard  it  against  an  outbreak  of  fire. 

Care  and  Maintenance.  Aisles  of  ample  width  should  be 
maintained  to  stairs,  elevators,  fire  escapes,  fire-wall  openings, 
and  between  stock  piles.  Broken  windows  should  be  repaired 
immediately.  Broken  plastering,  holes  in  floors,  partitions,  etc., 
allow  fire  to  reach  concealed  spac^  where  it  is  hard  to  extinguish 
and  they  should  be  repaired  without  delay.  Stock  should  be  kept 
at  least  18  inches  below  ceilings  (and  also  under  deck  floors)  in 
order  to  allow  hose  streams  to  be  used  effectively  and  also  to  permit 
of  the  spreading  of  tarpaulins.  It  should  be  placed  on  skids  raising 
it  at  least  4  inches  above  the  floor  to  minimize  loss  by  water;  and 
should  be  piled  so  as  not  to  interfere  with  the  operation  of  fire  doors; 
when  necessary',  guards  will  be  required. 

Endemic  Carelessness.  It  has  been  said  that  Americans  take 
the  lead  for  being  the  most  careless  people  on  earth,  and  until  public 
opinion  is  educated  up  to  a  point  where  it  will  rise  in  its  might  and 
demand  that  each  be  careful,  especially  where  carelessness  may 
result  in  loss  to  others,  we  shall  continue  to  lead  the  world  in  the 
lives  lost  and  the  property  destroyed  by  easily  preventable  causes. 
The  use  of  the  medical  term  "endemic,**  as  applied  to  carelessness, 
admirably  describes  the  present  condition  of  the  American  people. 
An  endemic  disease  is  one  which  is  constantly  present  to  a  greater 
or  less  degree  in  any  place,  as  distinguished  from  an  epidemic 
disease  which  prevails  widely  at  some  •  one  time,  or  periodically, 
and  from  a  sporadic  disease  of  which  now  and  then  there  occur  a 
few  instances. 
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HOW  TO  INSPECT  MANUFACTURINQ  OR  SPECIAL 

HAZARD  RISKS 

The  operation  of  mechanical  forces  and  the  handling  of  chemical 
combinations  obWously  involve  a  greater  fire  iiazard  than  does  the 
simple  storage  of  inert  substances  in  warehouses.  Tliere  is  no  proc- 
ess of  manufacture  of  any  kind,  invoh-ing  motion  or  the  use  of 
heat  or  depending  upon  the  prindples  of  diemical  combinations, 
which  b  not  dangerous  to  a  greater  or  less  d^ree. 

ThCTcfore,  it  behooves  ever>'  fire-protection  engineer  and 
inspector  to  recognize  the  hazards  involved  in  the  various  processes 
and  conditions  whidi  are  incident  to  industrial  and  commercial  life. 
He  should  be  ready  to  advise  methods  whidi  would  tend  to  prevent 
fires,  and  by  so  doing  he  may  frequently  suggest  economies  in  manu- 
facturing operations  that  would  save  the  manufactiu*er  unnecessary 
exjjense.  To  do  this  he  must  keep  pace  with  discoveries  in  mechanics, 
chemistr\',  and  applied  sciences. 

A  ver\'  large  percentage  of  almost  everj*  class  of  manufactiue 
has  a  few  specially  hazardous  processes  whidi  involve  a  ver}*  small 
proportion  of  the  whole,  both  in  space  and  in  value,  but  which 
endanger  the  whole  by  their  hazardous  location  or  arrangement. 
It  is  jK>ssible  so  to  arrange  a  plant  by  reasonable  foresight  and  proper 
rejranl  for  hazanls  involvtxl.  that  these  will  be  completely  isolated 
from  the  inain  plant,  either  by  judicious  division  walls  or  by  com- 
plete st^gregation.  By  so  doing,  a  fire  originating  in  such  a  special 
hazard  wouKl  Ik*  confined  to  a  comparatively  small  value;  and  its 
burning  would  not  endanger  the  larger  values. 

The  insjKxtor  must  liave  in  mind  at  all  times  the  danger  of 
chcniiial  combinations,  not  merely  in  the  manufacturing  processes 
involvtxl,  but  in  the  storehouses  connected  with  it.  There  are 
nunien)us  chemicals  which  are  harmless  themselves,  but  if  mixed 
together  through  an  acvidental  breakage  of  their  packages,  or  allowed 
to  combine  with  comparatively  harmless  organic  substances,  such 
as  sugar,  flour  and  sawdust,  would  inevitably  cause  a  fire  or  serious 
explosion.  Such  combinations  may  readily  be  brought  about  through 
the  efforts  of  firemen  in  extinguishing  a  fire,  the  distributing  force 
of  the  streams  causing  inextinguishable  combinations  of  substances 
suj)p(»stHi  to  he  projHTJy  separated. 
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Another  source  of  danger  is  the  presence  of  fine  dust,  such  as 
flour,  coal  dust,  fine  sawdust,  or  even  cement.  Dust  explosions 
have  caused  many  disasters  and  serious  losses  in  buildings,  and 
the  methods  of  taking  care  of  such  dangers  should  be  very 
carefully  investigated. 

A  manufacturing  process  that  uses  any  inflammable  material, 
as  raw  stock,  or  that  involves  its  use  in  the  plant,  naturally  invites 
a  hazardous  condition.  Topical  examples  are  the  textile  industries 
and  woodworking  industries.  The  location  and  storage  of  raw  stock 
and  the  methods  of  arrangement  in  the  factory  are  ver>^  important. 
Many  processes  demonstrate  the  hazard  in  an  obvious  manner  even 
to  the  most  inexperienced,  and  conunon  sense  suggests  many  suit- 
able remedial  measures.  The  use  of  oils  and  volatiles  in  many 
different  kinds  of  processes  produces  hazards  that  are  self-evident. 
All  processes  of  heating  and  dr^'ing,  all  of  w^hich  make  use  of  these 
hazardous  substances,  need  to  be  carefully  investigated. 

The  following  brief  summaries  are  but  suggestions  to  the 
inspector.  The  eimmeration  of  the  principal  processes  should 
lead  an  inquisitive  mind  to  grasp  the  main  essentials,  and  by  means 
of  the  ensuing  paragraph  on  hazards  in  each  case,  those  features 
that  offer  a  potential  hazard  may  be  noted  and  the  methods  of  pro- 
tection reported.  Many  factories  of  a  given  class  may  not  possess 
all  the  processes  assigned  to  that  class.  The  raw  stock  may  be 
partially  worked  up  or  certain  digressions  from  the  usual  routine 
may  be  made.  In  most  cases,  the  summaries  contain  suggestions 
for  all  the  processes  and  hazards  commonly  found  in  each  class. 
As  the  fire-protection  en^neer  gains  practical  experience  in  the  field 
of  factory  inspection  work,  he  will  readily  observe  differences  and 
innovations  in  the  usual  routine  of  manufacture.  He  will  inves- 
tigate these  carefully,  and  instinctively  analyze  each  process  or 
material  in  his  mind  to  determine  the  fire  hazards  involved.  In 
such  cases,  care  and  thought  should  be  exercised  to  see  that  the  hazard 
is  not  magnified  as  well  as  underestimated,  and  that  the  suggested 
improvements  and  protection  are  both  rational  and  effective. 

In  compiling  the  following  summaries,  the  author  is  greatly 
indebted  to  help  derived  from  the  published  fire  records  and  special 
hazard  reports  of  the  National  Fire  Protection  Association  and  to 
the  Crosby-Fiske  **IIand  Book  of  Fire  Protection.*' 


523 


514  FIRE   INSURANCE   INSPECTION 

BAKERY  AND  CRACKER  FACTORIES 

Processes.     Sifting,  mixinfi:,  baking,  cooling,  frosting,  fr>'ing,  gluing. 

Hazards.  Hake  ovens:  kind — portable  ovens,  bread  ovens,  rotary  ovens; 
arrangement  of  furnacei*;  combus$tiblc  material  nearby;  fuel  used;  empty 
barrels  and  boxes  allowc*d  to  accumulate  in  front  of  furnaces.  Cooling  before 
placing  in  bins  or  bam*l8.  Frosting  kettlesy  how  heated  and  floor  protection. 
Frying,  arrangement  of  lard  pans;  methods  of  heating;  protection  on  floor  and 
surrounding  woodwork.     Glue  pots,  how  heated  and  arranged. 

Special  Precautions.  Proximity  of  combustible  material  to  ovens. 
Arrangement  of  fr>'ing  pans. 

BLEACH,  DYE,  PRINT,  AND  FINISHING  WORKS 

Processes.  Sewing,  singeing,  bleaching,  dyeing,  mercerizing,  printing* 
etching  copper  plates. 

Hazards.  Singeing:  open  fire;  hot  plates;  open  gas  flames;  location  and 
construction  of  room;  cut  ofl";  method  of  heating.  Bleaching  diemicals,  where 
stored;  lime,  sodium  peroxide  u.sed  or  any  of  the  chlorates  used.  Dyeing, 
general  methods  used.  Indigo  dyeing,  care  of  lime  and  zinc  dust.  Turkey-^red 
dyeing,  construction  of  ageing  machine  and  dry  rooms.  Aniline-black  dyeing, 
chlorates  Ui*<?d;  oxidizing  rooms  free  from  lint.  Chlorates  used  for  oxidizing. 
Location  of  cloth  dry  rooms;  method  of  cleaning  rollers.  Etching,  use  of  nitric 
acid. 

Special  Precautions.  Fire  in  cloth  after  leaving  singeing  machines. 
I'se  and  storage  of  chlorate  of  potash.  Spontaneous  ignition  of  dyed  goods, 
especially  aniline  blacks,  after  drying  or  ageing. 

BREWERIES 

Processes.  Scroeninp:.  stoopinjj,  malting  (Old  Style  Floor  System, 
Saladin  Piu'iiinatic  System,  ( lallaTid-Honnin^  Drum  System,  Tilden  System), 
rice  or  corn  ^:rit  eookiim.  kiln  dryinp.  elevatinp,  sereening,  grinding,  mashing, 
boiling,  eoolin^.  fermenting;,  a>?ein^,  elarifyinf?,  raeking,  bottling,  pitching, 
eooperinjj;. 

Hazards.  Rm  iriruj  separator  t)r  srreener:  dust  blown  outside;  magneto 
install«Ml.  Malt  housfs:  care  of  ventilating  fans.  Pressure  rice  cookers:  type', 
where  l()cate<l:  reducing;  valve;  s.ifety  valve  and  gauge;  man  on  duty  at  all  times 
while  tank  in  use.  Malt  hilus:  type;  where  located;  how  constructed;  how 
IjeatJ'il;  fuel  eut  (jIT.  Malt  rtni^trrs:  type:  fuel;  malt  cooled  thoroughly  before 
placinK  in  bins,  (train  dn/rrs:  system;  eut  off;  any  woodwork  nearby.  Elevators, 
usual  hazards  of  friction  in  hoot  and  hea<l.  Malt  nxilh:  location;  construction; 
magnets  over  rollers;  relief  covers;  grain  cleaned  before  reaching  mill  con- 
veyors, wocxi  or  iron.  Varnishing  rats:  varnish  or  shellac  used;  tanks  how 
drie<i.  /'♦(/  pitchimj:  where  done;  type  of  machine;  building  well  detached  or 
c\\{  off;  fire|)roof  construction.  H* coopering,  sec  Cooperage  Factory  Hazards. 
Branding:  where  done;  irons  how  heated.  Ice  machine,  ammonia  or  brine 
system. 

Special  Precautions.  Barrel  pitching  should  be  well  detached  or  cut 
off  and  room  of  fire-resistive  construction.  Malt  mills  should  preferably  be 
made  of  iron;  have  iron  relief  covers;  be  provided  with  magnets  and  have  dust 
tirresters. 
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BRICK  AND  CLAY  WORKS 

Processes.  Mixing  and  tempering,  moulding,  forming  or  recompressing, 
drying,  burning,  preparing  pigments  and  decorating,  packing. 

Hazards.  Drying:  method;  arrangement  and  location.  Kilns:  con- 
struction and  arrangement;  fuel  used.  F/ues,  combustible  material  nearby. 
Carnages  or  gigs  and  racks  of  iron.  Forming  m€u:hines:  kind  of  oil  used;  mix- 
ing; storage.  Preparation  of  decorating  pigmentSy  any  volatile  solvents  used. 
Packing  material:  where  stored;  how  cared  for. 

Special  Precautions.  Prevention  of  contact  or  serious  exposure  of  wood- 
work or  other  combustibles  to  the  devices  generating  heat  and  to  the  heated 
air  emanating  from  same  by  radiation,  or  the  direct  flow  of  such  heat  vertically 
or  horizontally. 

CANDY  FACTORIES 

Processes.  Melting,  batch  warming,  cooking  and  boiling,  coating  and 
tumbling,  corn  popping  and  nut  roasting,  cr>'stallizing,  dipping,  shellacing, 
moulding,  starch  reclaiming,  drying. 

Hazards.  Melting  and  cooking  kettles  and  furnaces:  location;  construc- 
tion; flues;  fuel  used;  floor  protection.  Batch  warmers  or  steam  tables:  location; 
method  of  heating;  clear  of  woodwork;  kept  clean.  Coaters  and  tumblers^  gas 
or  steam  heated.  Com  poppers  and  nut  roasters:  location;  method  of  heating. 
Shellacing y  use  of  alcohol  and  amount  stored.  Dusters  or  sifters:  location; 
arrangement  of  ''starchbuck'\  Starch  dry  room:  location;  method  of  heating; 
cleanliness;  ventilation;  and  freedom  from* dust;  explosion  hazard. 

Special  Precautions.  Protection  against  dust  explosion  hazard.  Con- 
struction and  arrangement  of  cooking  furnaces. 

CARPET  YARN  AND  WEAVE  MILLS 

Processes.  Picking,  carding,  dusting  and  willowing,  gameting,  spinning, 
weaving,  finishing,  drying. 

Hazards.  Sparks  or  spontaneous  ignition  in  raw  stock,  waste,  and 
dyed  yam.  Pickingy  foreign  substance  and  friction.  Carding^  foreign  sub- 
stance and  friction.  Dusting  and  willowing y  foreign  substance  and  friction. 
Drying:  arrangement  of  steam  pipes;  hot  bearings;  inflammable  stock  and 
lint.  Gameting  and  spinningy  friction.  Weaving:  friction;  open  flame  in 
contact  with  Jacquard  harness.     Finishingy  arrangement  of  nappers. 

Special  Precautions.     Picking,  carding,  handling  of  stock. 

CLOTHING  FACTORIES 

Processes.  Storage  and  handling  of  stock,  shrinking,  laying  out  pat- 
terns, cutting,  making,  pressing,  inspecting,  storage  and  handling  of  waste 
cuttings  or  clippings. 

Hazards.  Stock  fires  either  in  baled  goods  or  spontaneous  ignition  of 
dyed  stock.  Spontaneous  ignition  of  cutting  hoard  scrapings  or  linseed  oil 
rags.  Spontaneous  ignition  of  waste  cuttings.  Electric,  gas,  gasoline,  coal, 
or  charcoal  stove-heated  sad  irons.  Location  and  construction  of  waste  chute. 
Benzine  used  for  cleaning. 
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Special  Precautions.  Gas  or  electric  heated  sad  irons  left  turned  on. 
Accumulation  of  waste  material  under  benches  and  around  shafting. 

COOPERAGE  FACTORIES 

Processes.  Working  raw  material  by  sawing,  bolting,  steaming;  equalis- 
ing. Hawing,  cutting,  planing,  crozing,  chamfering  imd  packing  staves;  mak- 
ing heads;  cutting  or  sawing  hoops;  convening,  storage,  and  disposal  of  waste; 
seasoning  and  drying;  coopering. 

Hazards.  Dry  k'ilni<:  location;  t>i)e;  construction;  method  of  heating; 
protection.  Storage  and  handling  of  ahatings  and  refuse.  Location,  kind, 
and  method  of  heating  barrel  dryers  and  crisets;  fireplaces. 

Special  Precautions.     Dry  kilns  and  shavings  vaults. 

CORDAGE  AND  TWINE  WORKS 

Processes.  Opening,  scutching,  picking,  batching,  softening,  oiling, 
breaking  or  combing,  preparing  (spreading,  drawing,  finishing),  spinning 
(jonnies  or  frames),  twisting  (machine  or  rope  walk),  sixing,  drying  and  pol- 
ishing or  tarring,  winding. 

Hazards.  Stocky  kind  and  where  stored.  Pickers  or  breakern,  where 
located.  Oih:  kind  used;  method  of  feeding  to  machine;  quantity  on  hand; 
where  stored.  Waste:  dust  and  flyings;  care  and  disposition.  Tarring:  in 
main  or  detached  building;  how  heated;  main  supply  how  stored.  Dryers: 
where  located;  how  heated  and  arranged. 

Special  Precautions.  Foreign  material  or  hot  bearings  in  openers  and 
pickers.     Breakers  and  spreaders.    Storage  of  jute  stock. 

COTTON  MILLS 

Processes.  Storage,  opening,  batching,  picking,  carding,  drawing 
sluhhing,  spn'adinp,  spinning,  weaving,  napping,  drying,  finishing. 

Hazards.  I^>cati()n  and  construction  of  storage  warehouse,  standard 
warehouse,  nietlio<I  of  storing.  Cotton ^  where  opened  and  amount  opened  at 
once.  ()}Hnift(j:  hand  or  machine;  where  locatcnl;  cut  off;  lighting;  cotton  how 
conveyed  to  picker  room.  Breakers  and  tnpjHrs  (picking),  where  located;  cut 
off;  lighting;  picker  trunks  protected.  Dust  room,  location.  Stock  conveyors: 
\)ci\\wi\  what  r(»oms  or  buildings;  location  of  blower  and  method  of  stopping; 
automatic  devices  or  <lampers;  stock  fed  direct  from  machine  or  into  hopporby 
hand.  Card  room:  location;  lighting.  Xapjnng:  location;  dust,  how  con- 
veyed away  and  where.  Dryers:  type;  method  of  heating.  Waste,  where 
stored,    .\fatchcs,  use  ])rohibited  or  limited  by  employees. 

Special  Precautions.  Openers  or  pickers,  fire  caused  by  foreign  material 
in  stock.  Open  lights  or  electric  short  circuits  in  picker  and  card  rooms  where 
accumulations  of  cotton  fly.  Stock  conveyors  cause  fire  due  to  friction  or 
sparks,  and  fire  may  be  blown  from  one  building  to  another. 

COTTON-SEED  OIL  MILLS 

Processes.  Cleaning,  linting,  handling  hulb,  heating,  pressing,  hand- 
ling oil,  press  cake  grinding. 
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Hazards.  Cleaning  machines:  location;  dust  blo^i'n  whore;  blower 
separator.  Lintera:  sand  screen  and  magnets  before  reaching  linters;  con- 
densers and  feeders;  construction;  cut  off;  accumulation  of  lint  and  dust;  lint 
baled  where.  Hull  house:  how  are  seeds  conveyed  to  hull  house;  crushers. 
Heaters,  steam.  OU:  how  conveyed  to  storage  tanks;  location  of  tanks. 
Press  cloths:  material;  dried  how  and  where;  stored  after  drying.  Cake  grind' 
ing:  location  of  mill;  type.     Hulls^  conveyed  to  boiler  for  fuel. 

Special  Precautions.  Accumulations  of  lint  and  dust  in  cleaning  and 
linter  rooms,  and  sparks  at  linter  due  to  foreign  material. 

DEPARTMENT  STORES 

Processes.  Receiving  and  unpacking  of  goods,  storage,  general  retail- 
ing, altering  and  repairing  clothes,  touching  up  furniture,  upholstering,  storing 
furs,  kitchen  and  restaurant,  packing  and  shipping,  general  repair,  car- 
pentry and  electrical  work. 

Hazards.  Disposal  of  waste  paper  and  wrapping  material.  Waste 
chuiCf  vaults  or  bins.  General  utility  and  repair  department  hazards.  Kitchen 
stove t  candy  kettle,  etc.  Disposition  of  cleaning,  rubbing,  and  polishing  rags 
in  furniture  department.  Arrangement  and  type  of  sad  irons  in  clothing 
department.     Occasional  bronzing  with  inflammable  mixture. 

Special  Precautions.     Waste  paper  hazard. 

DRUG  HOUSES 

Processes.  Preparing  laboratory  work,  mi.xing,  compounding,  boiling* 
extracting,  bottling,  labeling,  packing. 

Hazards.  Compounding:  use  of  heat  or  stoves;  boiling  or  cooking  of 
inflammable  compounds;  gas  stoves.  Storage  and  handling  of  chemicals: 
amounts  and  where  8tore<i;  nitrates,  chlorates,  peroxide  of  sodium,  metallic 
sodium  or  potassium,  anodyne,  picric  acid,  carbon  disulphide,  ether,  alcohol, 
phosphorus,  collodion,  amylacetate  or  acetone,  nitro-benzol,  benzine,  naphtha, 
gasoline,  benzene,  or  benzol. 

Special  Precautions.  Compounding  and  boiling  over,  or  igniting  of 
inflammable  compounds  being  heated  on  coal  or  gas  stoves. 

FERTILIZER  FACTORIES 

Processes.  Sulphuric  acid  manufacturing,  storing  raw  material,  crush- 
ing, grinding,  screening,  mixing,  drying,  bagging. 

Hazards.  Acid  manufacturing.  Burners:  fines  or  lump;  where  located; 
construction  and  arrangement;  method  and  frequency  of  firing  up.  Nitre 
ovens,  arrangement  and  location.  Nitre,  where  storeil.  Bags:  where  stored; 
washed  after  using;  burned  up.  l-iocation  and  arrangement  of  Glover  and  Gay- 
Lussac  towers  and  chambers.  Kind  of  stock  used:  especially  fish  scrap,  tank- 
age, etc.;  where  stored;  kept  dry;  an<l  quantity  in  one  pile  limited.  Rock 
drying  sheds:  location;  how  heate<l. 

Special  Precautions.  Pyrite  burners,  wpeeiiilly  when  firing  u[).  Stor- 
age of  scrap  stock  which  is  liable  to  spontaneous  ignition  and  also  nitre  bags. 
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FLOUR  AND  CEREAL  MILLS 

Procettes.  Cleaning  (separators,  scourers,  or  smutters,  and  aspirators) , 
grinding,  sifting,  purifying,  bran  dusting,  rough  grinding  of  com,  etc.,  con- 
veying and  elevating,  drying,  grain  bleaching,  flour  bleaching,  ageing,  eliminat- 
ing the  Mediterranean  Flour  Moth. 

Hazards.  Cleaning  machinery,  provided  with  dust  collector  and  dis- 
position of  dust.  Grinding  nuichinery,  bearings  well  arranged  and  cared  for. 
Bran  dusting ,  also  friction  hazard.  Ihist  explosion  hazard:  methods  of  collect- 
ing; arrangement  and  disposition  of  dust.  Buhr  and  aUrUion  mills  for  feed 
grinding,  provided  with  magnetic  separator.  Conveyor  system:  drag,  screw, 
pan,  pneumatic  or  belt.  Elevators,  arrangement  of  boots  and  legs.  Grain 
dryers:  type  and  arrangement;  blowers;  forced  draft;  steam  pipes.  Ageing, 
location  of  electric  ozone  machine.  Grain  bleachers,  arrangement  of  sulphur 
furnace.  General  cleanliness  and  conditions  which  induce  spontaneous  ignition. 
Method  of  killing  insects. 

Special  Precautions.  Cleaning  machinery;  journals  and  elevators; 
arrangement  and  construction  of  boota  and  legs;  method  of  lubrication;  journal 
alarms;  wood  or  metal  pulleys;  rubber  or  leather  belts;  spontaneous  ignition; 
dust  explotjions. 

FOUNDRIES,  BRASS  AND  IRON 

Processes.  Preparing  moulds,  baking  cores,  melting  by  cupolas,  rever- 
beratory  furnaces  or  crucible  furnaces,  pouring,  cleaning,  finishing. 

Hazards.  Drying  stoves  for  moulding  sand,  how  arranged.  Core  ovens: 
where  located;  how  arranged  and  heated;  fired  from  outside.  Cupola  furnaces: 
roofs  nearby  covered  with  combustible  material;  fireproof  firing  floor;  com- 
bustible material  near  cupola.  Brass  crucible  furnaces:  location  and  construc- 
tion; floor  non-<*ombu8tihle;  combustible  material  nearby.  Flasks:  wood  or 
metal;  where  stored  after  u.siiig.     Charcoal ^  where  stored. 

Special  Precautions.  Protc'ction  of  surrounding  roofs  against  sparks 
from  cupola  furnace.     Metal  firing  floor  essential. 

GARAGES 

Processes.  Handling,  storing,  cleaning,  and  filling  oil  or  acetylene 
lamps,  repairing,  cleaning,  storage  of  volatile  oils,  filling  auto  tanks  with 
gasoline. 

Hazards.  KintU  of  fnachines,  electric,  gasoline,  steam.  Extinguishment 
of  lights  on  entering.  Methods  and  location  of  starting  up  steam  nmchines. 
Calcium  carbide,  location  and  quantity.  Renunnng  and  reneidng  carbide:  dis- 
position of  waste  carbide.  Location  of  Prcst-O-Lite  tanks  in  storage.  Gasoline 
removed  from  machines  previous  to  repair  work.  Location  of  motor  testing. 
Use  of  extension  electric  wires.  Gasoline  used  inside  for  cleaning.  Size  and 
location  of  gasoline  storage  tanks;  pump,  gravity,  or  pressure  feeds.  Methods 
oi  filling  gasoline  tanks  on  machines.  Size,  location,  and  construction  of  repair 
pits. 

Special  Precautions,  .\lniost  universal  ])ra(tice  of  cleaning  or  washing 
automobile  parts  inside  of  garage  with  gasoline. 

Violations  of  good  and  safe  practice  of  storing  and  haiulling  gasoline. 
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Filling  auto  tanks  with  gasoline  inside  of  garage,  especially  at  night  with 
auto  lamps  lighted. 

Absolutely  no  smoking  in  garages. 
EUmination  of  repair  pit^. 

GLASS  WORKS 

Processes.  Grinding,  mixing,  melting,  casting,  blowing,  tempering 
or  annealing,  grinding  of  rough  plate,  polishing,  preparing  grinding  material, 
decorating,  packing  and  shipping,  pot  making. 

Hazards.  Storage  of  charcoal  and  disposition  of  Jiitrc  hags.  Mvlting 
furnaceSf  anriealitig  ovens  or  khrs^  blow  furnace's,  glory  holes,  flattening  ovens, 
hot  furnaces f  and  range  ovens,  all  have  similar  hazards.  Note  location,  con- 
struction, arrangement,  combustible  material  at  safe  distance,  fuel  used,  oil 
heating  systems.  Dryers:  sand  or  emery;  construction;  method  of  heating. 
Storage  of  hot  blow  pipes  after  each  run.  Packing,  storage,  and  methods  of 
handling  packing  material. 

Special  Precautions.  Defective  furnaces  with  woodwork  nearby. 
Open  lights  in  proximity  to  loose  packing  material. 

GLUCOSE  AND  STARCH  WORKS 

Processes.  Elevating,  cleaning,  drying,  grinding,  converting,  drying 
and  grinding  gluten;  manufacturing  corn  oil;  coopering. 

Hazards.  Elevators:  wooden  or  metal  logs;  self-cleaning  tops,  arrange- 
ment of  chutes  and  spouts.  Drying:  arrangement  of  dry  rooms;  liability  to 
dust  explosion.  Grinding  starch,  Mability  to  dust  explasion.  Converting:  proc- 
ess used;  any  nitric  acid  used.  Drying  and  grinding  gluten:  type  of  machines 
used;  location.  Com  oil  manufacturing,  process  used.  Char  kilns,  arrange- 
ment of  same  and  handling  of  bone  black  or  charcoal.  Sulphur  burning: 
arrangement  of  burners;  storage  of  sulphur.  Coopering:  box  or  bag  making; 
where  done. 

Special  Precautions.    Starch   grinders.     Dryers.     Char  kilns. 

GRAIN  ELEVAT0Ri5 

Processes.  Cleaning  or  separating,  clipping,  smutting  or  scouring, 
bleaching,  drying  or  conditioning,  elevating,  mixing  or  grading,  weighing 
and  storing. 

Hazards.  Elevators  and  conveyors,  due  to  friction  in  leg  or  boot.  Clean- 
ing  mtichineSf  type  and  arrangement  of  dust  collectors.  Location  of  dust  room; 
liability  of  dust  explosion.  Drying,  arranging  and  construction  of  dr>'ers 
and  method  of  heating.  Bleaching,  arrangement  of  sulphur  furnace.  Liability 
of  spontaneous  ignition.  Smut  machijies,  fre<iuently  cleaned  out.  Sparks 
from  cob  pit.  Method  of  killing  insects:  carbon  bi.sulphide  or  other  volatile 
and  inflammable  material;  subjection  to  cold  air;  use  of  hydrocyanic  acid  gas, 
or  of  other  means. 

Special  Precautions.  Automatic  journal  alarm  system  for  elevator 
and  conveyor  bearings;  scrupulous  cleanliness  and  methods  to  avoid  accum- 
ulation of  dust,  which  may  be  violently  explochMl  by  hot  bearings',  open 
lights,  or  other  forms  of  fire;  also  to  guard  against  spontaneous  ignition. 
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GYPSUM  PLASTER  MILLS 

Processes.  Breaking,  drying,  crushing  or  cracking,  grinding,  bolting 
and  screening,  sand  drying  and  grinding,  cooking  or  calcining,  cooling,  mix- 
ing, bagging  or  barreling,  storing. 

Hazards.  Rock  dryers^  proximity  to  woodwork  or  detached.  Grinding 
mill  conveifort:  elevators  and  casings,  wood  or  iron;  combustible  or  fire-resistive 
storage  bins.  Protection  of  woodwork  from  sand  dryers;  hot  sand  conveyed 
and  elevated  in  wooden  or  metal  conveyors  or  elevators,  stored  in  combustible 
or  fire-resistive  bins.  Cooker  or  calcining  kettles  constructed  and  located  to 
avoid  possible  overheating  or  ignition  of  exposed  woodwork.  Cooling  pit  for 
cooker. 

Special  Precautions.  Cooling  pit  should  be  of  fire-resistive  construc- 
tion, expose  no  woodwork,  and  have  casings  of  conveyors  and  elevators  to  a 
fireproof  storage  bin  made  of  iron.  Careless  transferring  of  hot  flour  through 
wooden  devices  to  wooden  storage  bins  causes  most  fires  in  this  class. 

KNITTING  MILLS  (Full  Process) 

Processes.  Picking,  carding,  spinning,  knitting,  napping,  brushing, 
board  drying,  washing  and  dyeing  stock,  stock  drying,  cutting  and  finishing. 

Hazards.  Pickers^  location  and  class  of  stock  used.  Slock  oil,  kind 
used.  Cards,  open  or  closed;  stock  used  and  previously  picked  or  lapped; 
quantity  and  care  of  fly.  Blower  systems  for  conveying,  arrangement  and 
safeguards.  Dryers,  bo^Lrd,  hurricane,  etc.  Dry  rooms,  how  heated  and 
arrangement  of  steam  pipes. 

Special  Precautions.  Low  grade  stock  and  insufficient  working  in  the 
picker  room,  causing  fires  at  first  breaker  cards. 

METAL  WORKERS 

Processes.  Forge  work,  cutting,  stamping,  rolling,  drawing,  pickling, 
machine  work,  soldering,  brazing,  annealing,  hardening,  tempering,  plating, 
enameling,  tinning,  japanning,  painting,  varnishing,  lacquering,  polishing, 
buflfing,  cleaning,  pattern  making. 

Hazards.  Forges:  arrangement  of  fuels  and  kind  of  fuel;  construction 
of  floor  and  roof.  Fuel  oil,  how  stored  and  system  of  use.  Acids,  where  stored. 
Oils,  where  stored.  Oily  steel  chips,  how  cared  for.  Hardening  and  temper- 
ing  methods:  location  and  construction  of  room;  arrangement  for  heating  oil. 
Enameling  and  tinning  furnaces:  location;  construction;  arrangement  of  flues 
and  fuel  used.  Japanning,  painting,  varnishing  and  lacquering:  where  used; 
amount  in  factory  and  main  supply,  where  stored.  Dip  tanks:  provided  with 
automatic  covers;  overflow  pipe,  open  lights  excluded  and  others  protected; 
location;  construction  and  protection.  Jajxin  and  lacquer  ovens:  location; 
construction;  method  of  heating  and  ventilating.  Buffing:  blower  system 
for  handling;  care  of  dust  and  where  deposited;  polish  used  on  cotton  wheels. 
Benzine:  used  for  cleaning  parts;  used  from  safety  cans;  main  supply  and 
quantity,  where  stored.  Pattern  making:  care  of  sawdust  and  waste;  location 
and  arrangement  of  dry  kilns.  Glue  pots,  how  heated.  Oily  waste:  how  cared 
for;  wiuste  cans  providcni  and  emptied  daily.     Sawdust  used  to  soak  up  oil. 


530 


COMMON  AND  SPECIAL  HAZARDS  521 

Soldering^  brazing^  annealing  and  hardening  furnaces y  and  mufflers:  location; 
construction;  operation;  flues;  fuel. 

Special  Precautions.  Use  and  arrangement  of  mufflers,  annealing  and 
hardening  furnaces.  Defective  construction,  careless  operation  or  combustible 
material  nearby.  Dip  tanks  and  ovens.  Handling  of  volatile  and  inflam- 
mable material;  danger  of  ignition,  overheating  of  ovens,  etc.  Spontaneous 
ignition  of  oily  waste  or  buffing  dust.  Methods  of  handling  and  care  are  impor- 
tant. All  of  these  processes,  as  well  as  oil  tempering,  should  be  done  in 
fire-resistive  rooms  or  segregated  from  main  plant. 

OILCLOTH  AND  LINOLEUM  WORKS 

Processes.  Cork  drying  and  grinding,  linseed  oil  boiling,  oxidizing, 
making  cement,  mixing,  coating  or  printing,  backing,  drying,  seasoning. 

Hazards.  Cork  grinding:  where  done;  dust  how  collected  ancf  cared  for. 
Linseed  oil  boiling,  located  away  from  all  combustible  property.  Paints,  var- 
nishes and  volatile  thinners:  storage;  use.  Compound  mixing:  where  done, 
main  supply  where  stored;  thinners  used.  Coating  machines:  where  located; 
knives  grounded  to  carry  off  static  electricity.  Drying:  location;  construction 
and  arrangement  of  dry  rooms  and  method  of  heating. 

Special  Precautions.  Preparation  of  cork.  Boiling  oils  and  varnishes. 
Proper  grounding  of  spreader  knives. 

PACKING  HOUSES 

Processes.  Killing,  cutting,  salting,  packing  pork,  lard  and  sausage 
making,  fertilizer  making,  smoking  hams,  cooperage  work,  boxing. 

Hazards.  Cooperage:  location;  barrel  furnaces  or  stoves;  dry  rooms. 
Rendering:  location  of  lard  department;  cut  off;  steam  heat  used.  Waste  and 
fertilizer  tanks  or  dryers:  location;  type;  fuel;  construction.  Smoke  houses: 
location;  construction;  cut  off;  grid  over  fires;  combustible  rods  or  hangers; 
accumulation  of  soot,  cleaned  out  frequently.  Branding  irons,  how  heated. 
Printing  or  marking  ink:  where  mixed;  materials  used.  Soldering  irons: 
where  used;  how  heated. 

Special  Precautions.  Cooperage  department.  Biuning  out  of  smoke 
houses  due  to  ignition  of  soot,  or  fat  or  grease  dropping  on  fire.  Ordinary 
causes  make  serious  fires  due  to  presence  of  grease  and  oil  in  large  quantities. 

PAPER  MILLS 

Processes.  Stock  storage,  opening,  thrashing,  sorting,  shredding, 
cutting,  .whipping,  dusting,  rotary  bleaching,  heating,  finishing  in  Jordan 
engine,  loading,  sizing,  coloring,  making,  cylinder  or  Foundrinier  machines, 
loft  dr>'ing,  printing. 

Hazards.  Stock:  where  stored;  especially  rag  stock,  jute  and  rope  waste; 
paper  waste  stock,  etc.  Sorting,  dirt  removed  by  hand  or  blower  system. 
Thratthcra,  willowerSf  and  dusters:  where  located;  machines  enclosed;  providwl 
with  magnets;  blower  system.  Cutters:  location;  out  off;  blower  system. 
Rotaries  or  cooktrs:  steam  pipes  free  from  combiLstible  material;  insured  against 
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exploeion.  Lime:  where  stored;  amount.  Machine  room:  care  of  bearings; 
handling  of  "broke'*  or  waste  paper;  care  of  fan  bearings  in  steam  hood.  Drying: 
where  done;  steam  pipes  properly  arranged.  Sizing  keilles,  how  heated.  Sealing 
xoax,  how  heated. 

Special  Precautions.  Storage  of  rag  and  waste  stock.  Spontaneous 
ignition  liable.     Location  and  handling  of  dust  hazard.    Care  of  bearings. 

PATENT  AND  ENAMEL  LEATHER  WORK 

Processes.  Tacking,  coating,  or  daubing,  drying,  stoning,  japannin;;, 
baking,  sun  drying,  trimming,  daub  mixing,  japan  boiling,  etc. 

Hazards.  Preparation  of  daub^  japam<,  varnishes,  etc.  Storage  of  lin- 
seed oil  and  lampblack.  Ix)cation  and  construction  of  boiling  room  or  house; 
method  of  firing  and  handling;  thinning.  Coating:  maximum  amount  of 
daub,  etc.j  in  room;  method  of  handling.  Drying  and  baking:  location,  con- 
struct  ion,  and  arrangement  of  ovens;  temperature;  method  of  heating  and 
arrangement.     Storage,  handling  and  care  of  naphtha. 

Special  Precautions.  Direct  heat  or  open  flame  should  never  be  used  in 
rooms  where  coating  material  is  mixed  or  applied.  Electric  lights  should  be 
keyless  sockets  with  double  enclosed  globes,  and  switches,  etc.,  located  outside. 

PRINTING,  BINDING,  AND  LITHOGRAPHING 

Processes.  T>'pesetting,  stereotyping,  electrotyping,  photo-engraving, 
printing,  gathering,  pasting,  sewing,  gilding,  binding,  decorating,  lithograph- 
ing, varnishing  labels,  etc.,  mixing  printers'  ink,  storage. 

Hazards.  Kind  of  gas  used  in  linotype  machines.  Stereotype  and  electro- 
type furnaces:  arrangement  and  method  of  heating,  .\mount  of  collodion  in 
photo-engraving  department.  Presses^  nature  and  protection  of  floor.  Type 
or  rollers:  how  cleaned;  material  used;  benzine  substitute's.  Benzine:  where 
used;  amount  in  plant;  safety  cans  used;  main  supply  where  stored.  Harid  or 
JifiiMug  tools,  how  heated.  Kmhossing  machines,  how  heated.  Glue  potfi, 
how  heated.  Varniahing:  where  done;  material  used;  (juantity  in  room;  main 
supply  where  stored;  how  applie<l;  dryers.  Printers'  irik  tnixai:  storage  of 
linseed  oil  and  lampblack.  Oily  waste:  care;  wa.ste  cans;  buinctl  night.s. 
}ya}tte  pnfKr,  how  cared  for. 

Special  Precautions.  Care  and  disposition  of  oily  w:usto  and  rags,  and 
of  wai?te  paper.  Carelessness  in  the  handling  of  benzine.  Varnu^hing  of 
labels,  ctr.,  not  done  in  all  lithographing  plants. 

ITLP  MILLS 

Processes.  Mechanical:  cutting,  barking,  grinding,  screening,  cylinder 
wet  machine  making.  Sulphite:  cutting,  barking,  chipping,  screening, 
digesting  by  **quick  cook"  or  "slow  cook,"  washing,  bleaching,  cylinder  wet 
machine  making.  Soda:  cutting,  barking,  chipping,  dusting,  digesting, 
washing,  screening,  bleaching,  heating,  cylinder  wet  machine  making,  con- 
centrating soda  liquor,  recovering  blach  ash. 

Hazards.  Mechanical:  care  of  hot  bearings,  handling  of  refuse.  Sul- 
phite: ehippi  rs,  kept  floan;  rhi])  conveyor  from  machine  to  bins  top  of  digester 
house.  Lime,  where  stored,  kept  dry.  Suli)hur  hurmrs,  how  built;  cut  olT 
or  detached;  room  fireproof,  main  supply  sulphur,  where  storcni.      Digesters, 
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where  located;  insured  against  explosion;  steam  pipes  free  from  combustible 
material.  Soda:  same  as  sulphite  except  sulphur  burning  replaced  by  ''black 
ash"  recovery.  Black  ash  furnaces^  where  located;  cut  ofif  or  detached;  fire- 
proof room;  stack  free  from  combustible  material. 

Special  Precautions.  Care  of  ventilator  fans.  Arrangement  of  chip 
conveyors.    Operation  of  black  ash  furnaces. 

RICE  MILLS 

Processes.  Separating  chaff  from  grain,  hulling,  whitening  (by  pass- 
ing through  the  brush),  handling  chaff  and  bran  polishing  and  attrition  machines. 

Hazards.  Brush  machines^  construction  of  dust  box  and  protection. 
Attrition  machines:  method  of  conveying  and  feeding;  magneto)  in  spouts  at 
machine.  Paraffin^  how  heated  and  used.  Threshing^  methods  of  removing 
chaff.     Dust  roonif  location  and  arrangement.     Dustf  blown  outside. 

Special  Precautions.    Spark  at  attrition  machine  igniting  the  dust. 

RUBBER  MILLS 

Processes.  Reclaiming  (grinding,  drying,  devulcanizing) ;  compound- 
ing, churning,  spreadmg,  varnishing,  vulcanizing,  pressing,  hardening. 

Hazards.  Reclaiming:  kind  of  stock  used;  wet  or  dry  process.  Grindiiuj: 
mt.thod;  machines  provided  with  magnets;  storage  of  ground  stock.  Devul- 
canizing: method;  location.  Dryers:  location;  arrangement;  method  of  heat- 
ing; kept  clean.  Compounding:  materials  used;  where  stored;  lampblack  and 
oxides  cared  for.  Churning:  room  cut  off  or  detached;  properly  ventilated; 
machines  grounded;  method  of  conveying  compound  to  spreading  or  making 
rooms.  Naphtha:  main  supply  where  stored;  quantity;  how  handled;  quantity 
in  churn  room  at  one  time.  Varnishing:  where  done;  cut  off;  varnish  where 
mixed  and  main  supply  where  stored.  Spreading:  location;  cut  off;  typo; 
grounded;  steam  jets  at  spreaders;  wet  burlap  nearby.  Healers:  location; 
construction;  cut  off;  how  heated;  steam  jets.  Presses^  how  heated.  Harden- 
ing:  carbon  bisulphide  used;  if  so,  where  and  how  stored. 

Special  Precautions.  Churn  room  fires  due  to  presence  of  naphtha 
fumes,  caused  by  spark,  etc.  Spreaders  improperly  grounded.  Spontaneous 
ignition  of  ground  stock  and  reclaimed  stock  in  dryers. 

SHIRT,  COLLAR,  AND  CUFF  FACTORIES 

(INCLUDING  STEAM  LAUNDRIES) 

Processes.  Shrinking,  cutting,  stamping,  turning,  stitching,  launder- 
ing, finishing,  and  examining.  Laundry  work  consists  of  washing,  bleaching, 
bluing,  starching,  drying,  and  ironing. 

Hazards.  Steam  heated  shrinking  rooms.  Care  of  culling  room  waste. 
Gas  heated  turning  machines.  Steam  heated  laundry  dryers^  with  or  without 
blower  system.  Coal,  gas,  or  electric  heated  sad  irons^  or  ironing  machines. 
Gas  heate<l  curling  or  edging  machines.  U.se  of  gasoline  gas  from  own  plant. 
Charcoal  used  or  stored. 

Special  Precautions.  Dryers  poorly  const  rurto<l  of  c<)inbu.st  iblc  miitoriiil; 
not  kept  clean;  and  clothes  placed  on  racks  and  put  into  dryer  in  such  a  man- 
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ncr  that  they  arc  liable  to  fall  on  steam  pipes.  Recommend  concrete  floors, 
and  wire  netting  over  steam  pipes.  Gas  or  electric  heated  sad  irons  left 
turned  on. 

SHOE  FACTORIES 

Processes.  Cutting  uppers,  stitching  uppers,  etc.;  cutting,  trimming, 
an<l  preparing  soles;  cutting,  pasting,  pressing,  and  drying  heels;  cutting, 
stiffening,  pressing,  and  drying  counters  and  box  toes;  tacking  insole,  box  toe, 
counter,  and  uppers  to  the  last;  lasting;  trimming  off  surplus  leather  at  bottom 
of  uppers;  sewing  on  welts;  trimming  and  hardening  welt  into  position;  filling 
up  the  space  between  welt  on  bottom  of  shoe  with  cement  and  cork;  cement- 
ing the  outsoles  in  position;  trimming  edges  and  forming  channel  in  the  sole 
to  receive  the  stitching;  stitching  the  outsole  to  the  welt;  cementing  channel 
lip  do^-n  to  cover  stitches;  leveling;  heeling;  trimming  heels,  edges  of  sole; 
buffing  off  the  leather;  finishing  (waxing,  buffing,  and  polishing);  treeing; 
cleaning;  inserting  laces;  packing  and  shipping. 

Hazards*  Pasted  heels:  pitete  how  heated,  drying.  Cutting  board 
scrapings,  how  cared  for.  Rubber  cement:  main  supply  stored  where;  amount 
in  factory;  how  used;  safety  cans;  open  lights  nearby.  Naphtha:  main  supply 
stored  where;  safety  cans  used.  Cork  filling:  where  used;  mixed  with  naphtha 
compound.  Oil  proofs  or  other  compounds  using  naphtha.  Wax  cups,  how 
heated.  Wood  alcohol  used:  where  stored;  used  for  lamps  in  heating  wax  or 
shoe  tools.  Buffing  dust,  how  disposed  of.  Wax  filling  for  heels^  how  heated. 
Shoe  dryers,  how  heated  and  arranged.  Lampblack,  where  stored.  Polish 
making:  wax  heated;  turpentine  used.  Stain  or  edge  blackings,  naphtha  used 
for  mixing  or  thinning.  Edge  setters,  how  heated;  D  &  G  or  other  gasoline 
carbureter  used.  Shoe  or  kit  tools,  how  heated.  Waste  chute:  location;  con- 
struction; doors;  discharges  where.  Cement  and  oil  house:  location;  distance 
from  factory;  construction;  method  of  handling  material  and  bringing  it  into 
factory. 

Special  Precautions.  General  and  careless  use  of  naphtha  and  cement. 
Care  of  cutting  board  scrapings  and  sweepings. 

WOMEN'S  STRAW  AND  FELT  HAT  FACTORIES 

Processes.  Bleaching,  dyeing,  drying,  sewing,  sizing,  blocking  and 
trimming  of  straw  hats;  carding,  shaping,  stiffening,  shrinking,  sizing,  block- 
ing, varnishing,  pressing,  lauring,  trimming  of  felt  hats. 

Hazards.  Straw  braid  and  felt  stock,  where  stored.  Bleaching:  where 
done;  detached;  cut  off,  or  fireproof  room.  Sodium  peroxide,  stored  where. 
Sulphur  potH,  how  arranged.  Drying  rooms,  where  located  and  how  heated. 
Sizing:  how  cut;  borax  or  alcohol  shell^ic.  Spelter  blocksy  where  cast.  Blocks, 
how  hoat(Ml.  Presses,  how  heated.  Varnishing:  where  done;  room  ventilate<l. 
Laiutc  stoves:  where  located  and  how  installed;  method  of  heating;  location  of 
grease  pot. 

Special  Precautions.  Storage  of  straw  stock.  Installation  of  gasoUne 
g:is  systems. 

SUGAR  REFINERIES 

Processes.  Mixing,  hag  filtering,  open  boiling,  purifying  through  bone 
black,  vacuum  boiling,  settling,  open  air  drying  and  rotary  dryers,  cutting, 
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grinding,   pulverizing,  packing,  revivifying    bone    char,  drying    sugar    bags. 

Hazards.  Unslaked  lime:  where  stored;  amount  in  building  and  method 
of  handling.  Char  house:  fire-resistive  construction;  cut  off.  Char  kilns: 
location;  construction;  method  of  heating.  Bone  black:  where  cooled;  con- 
struction of  floor.  Vacuum  boiling ^  steam  pipes  well  arranged.  Dry  rooms: 
location;  construction;  heating.  Grinding  and  pulverizing:  cut  off  or  separate 
building;  dust  properly  cared  for;  conveyors  and  hoppers  of  metal.  Grinding 
and  cutting  machines  enclosed  in  iron  frames.  Sugar  bags:  uried  in  main 
buildings;  location  and  construction  of  dryer. 

Special  Precautions.    Char  kilns  poorly  constructed  and  not  cut  off. 


TANNERIES  AND  CURRY  SHOPS 

Processes.  Tunning  processes:  soaking,  liming  and  sweating,  beaming, 
unhairing  and  slating,  fleshing,  puring  or  bating,  tanning,  vegetable,  mineral, 
or  oil.  Currying  and  finishing  processes:  splitting  or  slitting,  stuffing  or 
oiling,  slicking  or  stoning,  coloring,  skiving,  shaving,  whitening,  buffing,  dry- 
ing, staking,  perching,  softening,  seasoning  and  dressing,  glazing,  rolling, 
glossing,  pebbling,  ironing,  etc.,  extracting  and  pressing,  bark  grinding  and 
leaching. 

Hazards.  Lime:  where  slacked;  main  supply  where  stored.  Fleshings 
and  whitenings:  how  often  cleaned  up;  where  stored.  Methods  of  tanning ^  espe- 
cially bark  or  chrome.  Stuffing  and  oiling:  where  done;  method  of  heating; 
oils  and  greases  where  stored;  floor  protection.  Buffing:  where  done;  dust 
removed  by  blower  system,  where  deposited;  room  cleaned  daily.  Drying: 
method  and  arrangement;  location  and  care  of  fans;  bearings  accessible; 
emergency  shut-off;  steam  coils  clear  of  combustible  material.  IronSy  embossing 
machines,  etc.:  how  heated  and  safeguarded;  gas  shut^off  or  pilot  lights  on 
electric  system.  Grease  extracting,  naphtha  process  or  heat  and  pressure. 
Bark  mill:  location;  cut  ofif;  wooden  or  metal  conveyors;  water  spray  method 
of  conveying  ground  bark  to  leach  house. 

Special  Precautions.  Naphtha  process  grease  extracting  allowed  only 
in  well  detached  building.  Only  all  iron  vertical  bark  mills  with  outside  gears 
should  be  used;  old  style  wooden  boxed  mill  with  inside  gearing  is  a  prolific 
source  of  fires. 

TOBACCO  FACTORIES 

Processes.  Cleaning,  dusting,  curing  or -drying,  sweating,  grading,  priz- 
ing, stemming,  cigar  making  (hand  or  machine) ,  cigarette  making,  plug  tobacco 
making,  snuff  making. 

Hazards.  Curing  or  drying,  presence  of  matches.  Liability  to  spon- 
taneous ignition.  Ldcorice  kettles,  steam  heated  or  open  fire.  Grinding  or 
granulating  machines  provided  with  magnets,  methods  of  handling  dust. 
Method  of  fumigation  against  insects. 

Special  Precautions.  Dryers,  natural  or  artificial;  type  of  construction 
and  arrangement;  nature  of  bearings;  arrangement  of  st«am  pipes;  metal  cool- 
ing section  flues;  interior  of  dryers  readily  accessible;  provided  with  steam  jets. 


535 


526  FIRE  INSURANCE  INSPECTION 

WASTE  AND  BATTING  (Wadding)  MILLS 

aNCLUDING  MATTRESS  FACTORIES) 

Processes.  Handling  of  cotton  bales,  storage  of  loose  cotton  in  bins, 
storage  of  rags  and  waste,  dusting,  willowing,  mixing,  lumping,  lapping  and 
rag  picking,  garneting,  carding,  drying,  mattress  stuffing,  feather  steaming, 
crushing  and  cutting. 

Hazards*  Cotton  bale  fires.  Sparks  or  tnatches  in  loose  cotton.  SpoiV' 
taneowi  ignition  in  rag  and  waste  storage.  Foreign  substance  in  dusters;  friction 
in  willowers;  garneting;  carding;  drying  and  picking  machines. 

Special  Precautions.  Picker  house  fires  very  numerous.  Working 
and  storage  of  highly  inflammable  low  grade  stock. 

WOODWORKERS 

The  general  class  of  woodworkers  may  be  subdivided  into  a 
number  of  broad  divisions,  but  many  processes  and  hazards  are 
common  to  each.  An  enumeration  of  the  prominent  causes  of 
spi'cial  hazard  fires  gives  a  general  idea  of  the  processes  and  the 
over-lapping  of  the  hazards  involved. 

The  following  figures  have  been  compiled  from  the  published 
records  of  the  National  Fire  Protection  Association  and  give  the 
approximate  percentage  of  fires  caused  by  each  special  hazard 
referred  to  the  total  fires  of  that  nature  in  each  case. 

Saw  Mills.  Dry  kilns,  45%;  sawdust  vaults,  22%;  refuse  burners,  18%; 
eniory  grinding,  5%;  power  forge,  5%;  band  sawing,  5%. 

Planing  Mills.  Shavings  vault'*,  45*^^;  dry  kilns,  SO^ci  planing  and 
moulding,  10%;  sawdust  blower  system,  10%;  sawing,  5%. 

Box  Factories.  Sawdust  vaults,  65^^;  dry  kilns,  30%;  sawdust  blower 
systems,  5%. 

Pails  and  Woodenware.  Sawdust  vaults,  17%;  dry  kilns,  66%;  finish- 
ing rags,  17%. 

Hardwood  Turning.  I>y  kilns,  46%;  blower  systems,  22%;  sawdust 
vaults,  .S%  ;  glue  pots,  S%;  finishing  rags,  8%;  emery  grinding,  8%. 

Furniture  and  Cabinet  Factories.  I>ry  kilns,  21%  ;  shavings  vaults,  20^  cJ 
sawdust  conveyor,  3*'c5  woodworking  machines,  1%;  sandpapering,  4%;  glue 
pots,  '.i^ll;  caul  and  dry  boxes,  \*'l ;  dip  tanks,  10%;  hand  varnishing,  finishing 
and  painting,  7^(1  rubbing  and  finishing  rags,  26%;  upholstering,  1% ;  packing, 
I'ri  oil  room,  1%,. 

Musical  Instrument  Factories.  Dry  kilns,  30%;  shavings  vaults,  15%; 
shavings  and  sawdust  conveyors,  5%;  planing,  2i%;  sandpapering,  2J%;  glue 
pots,  2}'  (' ;  oil  and  varnish  storage,  2i9<  ;  dip  tanks,  2i%;  rubbing  and  finish- 
ing rags,  3S^  (• 

Miscellaneous  Woodworkers,  not  otherwise  enumerate<l.  Sawdust 
vaults,  52%;  dry  kilns,  40' < ;  turning  lathes,  4%;  finishing  4%. 

Hazards.  WnMe  burner:  type;  location.  Sawdust:  how  cared  for;  blower 
systcHi;  iiH\  direct  to  boilers  or  to  vault;  automatic  dampers.      Sawdust  vault: 
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construction;  location;  cut  off;  openings  to  same  from  outside.  Chutes  or  con- 
veyors: construction;  location.  Glue  pots^  bow  heated.  Dry  kilru  or  roome: 
construction;  location;  how  heated;  steam  pipes  or  blower  system  properly 
arranged;  blower  clean  and  well  oiled  and  cared  for.  Caul  boxes:  construction; 
how  hoatc<l;  steam  pipes  against  woodwork;  clean.  Woodworking  machines ^ 
connected  with  blower  system.  Sandpapering  machine:  where  located;  how 
arranged.  (Hls^  oarniah,  fillers,  turpentitie:  amounts  used;  where  stored;  metal 
or  wt)od  barrels;  how  thinned.  Benzine  or  naphtha:  main  supply  stored;  how 
much  used  and  where;  open  lights.  Dip  tanks:  size;  location;  number;  con- 
struction; automatic  covers;  overflow  pipes.  Oil  room,  construction  and 
location.  Cleaning  or  rubbing  rags,  how  cared  for.  Excelsior:  where  used; 
main  supply  stored.     Bending  or  embossing  machines,  how  heated. 

Special  Precautions.  Sparks  in  shavings  vault  or  fuel  in  front  of  boilers. 
Arrangement  and  care  of  dry  kiln.  Handling  and  care  of  cleaning  and  finishing 
rags. 

WOOLEN  MILLS 

Processes.  Carbonizing,  scouring,  bleaching,  dyeing,  stock  drying, 
picking,  stock  blowing,  garnet ing,  dusting  and  willowing,  carding,  spinning, 
slashing,  weaving,  cloth  finishing. 

Hazards.  Stock  used:  where  stored;  waste  in  separate  detached  build- 
ing. Rag  carbonizing:  wet  or  dry  system;  location  and  cut-offs;  type  and 
arrangement  of  bakers;  construction  and  arrangement  of  carbonizing  furnace; 
type  and  method  of  heating  of  dryers.  Bleaching:  method  and  where  done; 
construction  and  arrangement  of  sulphur  pots;  danger  of  overturning  and 
igniting  inflammable  material;  liability  of  combustible  material  falling  into 
pots.  Stock  dryers:  location;  construction;  method  of  heating.  Pickers:  rug, 
shoddy,  burr,  lumpers  and  mixers;  location;  cut  off;  arrangement  and  protec- 
tion of  gauze  room;  kind  of  oil  used.  Stock  blowing  system,  hand  fed  or  con- 
nected to  pickers.  Garnet  machines,  where  located,  busting:  where  done; 
method  of  handling  and  disposing  of  dust;  general  cleanliness.  Carding,  class 
of  stock  worked.  Cloth  dryers:  location;  typo  and  how  heated.  Napping, 
care  of  lint. 

Special  Precautions.     Picking,  stock  drying,  carding. 


537 


;   ''HE  NEW  YORK 

PUBLIC  LIBRARY 


A»Tq^.  LINUX  AH9 


REVIEW    QUESTIOXS 

OX>7     VHB      SUBJBOT     OF 

FIRE    INSURANCE    INSPECTION 

PART  I 


1.  Give  the  advantages  of  written  over  oral  reports. 

2.  lender  what  circumstances  and  for  what  reason  are  steam 
pipes  considered  dangerous  fire  hazards? 

3.  How  is  a  dynamo  represented  by  symbol?  What  are  the 
particular  points  to  be  considered  in  describing  the  generator  and 
its  location?     In  describing  incandescent  and  arc  lamps? 

4.  Show  how  a  floor  occupancy  in  the  first  and  second  floors 
of  the  basement,  the  first  to  fourth  floors  inclusive,  the  sixth,  and 
part  of  the  seventh  floors,  would  be  indicated. 

5.  \\1iat  are  the  particular  points  to  consider  in  describing 
a  gas  lighting  system? 

0.  Give  the  symbol  for  a  frame  building  with  brick  side  walls 
and  stone  front. 

7.  How  are  skylights  described?  What  is  the  symbol  for  an 
ordinary  skylight? 

8.  Name  the  fire  protection  devices  which  may  or  may  not 
be  found  in  a  risk  and  state  what  each  includes. 

9.  How  is  an  iron-covered  building  represented? 

10.  Name  the  three  standard  report  forms  and  give  the  char- 
acteristics of  each. 

1 1 .  Give  the  conventional  symbol  for  a  parapet  wall ;  a  standard 
fire  shutter;  a  wire  glass  window. 

12.  Referring  to  the  Inspector's  map,  interpret  every  symbol 
in  the  diagram  of  the  main  building  and  the  piping  in  Georgia  Avenue. 

13.  What  determines  an  insurable  interest? 
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ON     THK     f«I^II«IKCT     OF 

FIRE    INSURANCE    INSPECTION 

PART  II 


I.  WTiat  are  the  worst  hazanls  in  connection  with  the  paint- 
ing of  the  exterior  or  interior  of  a  building? 

2.  In  a  mill  constructed  factor}'  how  is  the  power  house 
treated  ^nth  reference  to  the  main  portion  of  the  factor^-? 

3.  What  are  the  most  acceptable  roof  coverings  from  the 
standpoint  of  cost  and  fire  protection? 

4.  WTiat  is  meant  by  tlie  term  ^Jloor  opening;  why  are  they 
so  important  from  a  fire  insurance  standpoint? 

5.  Give  the  main  varieties  of  building  stone  and  their  char- 
actmstic-s. 

0.     (live  the  general  featurt^s  of  an  approved  one-story  store- 
liouse  of  mill  eonstructioii. 

7.  What  are  scuppers,  and  for  what  are  they  used? 

8.  \Wvdt  are  some  of  the  main  characteristics  of  mill  con- 
struction? 

9.  Describe  briefly  the  manufacture  of  roofing  tin. 

10.  What  are  the  requirements  regarding  all  floor  openings 
in  mill  constructed  buildings? 

II.  Describe  the  attachments  for  a  self-closing  fire  door. 

12.  \\1iat  is  the  composition  of  lime  mortar?  Of  cement 
mortar? 

13.  Give  the  characteristics  of  desirable  stair  construction. 

14.  \Miat  is  the  use  of  a  ''tower*'  for  stairways,  etc.,  in  an 
approved  four-story  mill  constructed  factory,  and  how  is  it  con- 
struct e<l  with  referenw  to  the  rest  of  the  building? 
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FIRE  INSURANCE   INSPECTION    PART    IH 


1.  Give  a  general  description  of  the  Underwriters'  require- 
ments for  sprinkler  heads;  also  give  the  names  of  some  of  the  best. 

2.  How  many  sprinklers  are  allowed  when  a  six-inch  pipe  is 

used? 

3.  When  a  cistern  is  used  as  a  pump  supply  and  is  filled  from 
the  city  mains,  what  size  pipes  should  be  used  and  how  should  they 
be  filled? 

4.  Give  a  complete  description  of  a  pressure  tank,  explaining 
the  advantages  and  disadvantages.  State  at  what  point  the  tank 
should  be  located. 

5.  Wiat  is  a  steamer  connection  and  in  what  two  ways  is  it 
usually  fitted?  If  there  is  more  than  one  riser,  w^here  should  the 
steamer  connection  be  made? 

6.  Describe  the  Grinnell  variable-pressure  alarm  valve  and 
make  a  sketch  showing  the  valve  in  open  position. 

7.  What  types  of  dry  pipe  valves  are  approved  by  the  National 
Board  of  Fire  Undenvriters?  Describe  a  few  of  the  principal  points 
of  each  of  these  types. 

8.  In  the  maintenance  of  a  sprinkler  system  why  is  it  best  to 
have  central  station  supervision? 

9.  What  are  the  methods  of  an  inspector  in  testing  sprinkler 
heads?    If  the  first  test  fails,  what  further  must  be  done? 

10.  Has  the  use  of  perforated  pipe  been  successful  in  the  past, 
and  what  is  the  most  satisfactory^  system  now  in  use? 

11.  To  what  use  is  wire  glass  put  and  what  are  its  general 
advantages?  Are  there  disadvantages  in  its  use  and  if  so  what  are 
thev? 

12.  Are  chemical  extinguishers  satisfactory'  as  a  rule?  Name 
and  describe  one  of  the  best  of  this  type. 
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FIEUQ  INSURAXCK  INSPBCTIOX  PART  IV 


1.  Describe  briefly  the  laws  of  hydrostatics  and  explain 
what  you  understand  by  PascaFs  Law. 

2.  The  piping  system  of  a  city  building  is  connected  to  the 
city  water  main,  which  has  a  pressure  of  34  pounds  per  square  inch. 
Under  this  pressure  how  high  will  the  water  flow  in  the  piping  system 
of  the  building? 

3.  With  a  twelve-inch  pipe  discharging  800  gallons  per 
minute  what  is  the  loss  of  head  in  feet  for  each  1,(XX)  feet  of  pipe? 

4.  If  in  practice  pumps  will  ordinarily  lift  water  about  .8  of 
the  height  given  for  a  perfect  vacuum,  what  would  be  the  height  of 
the  lift  in  feet  where  the  pressurt*  is  14.1  pounds  and  what  would 
be  the  height  in  (cvt  above  si'a  level  under  such  conditions? 

T).  Make  a  frcrhand  sketch  of  a  double-acting  plunger  pump 
and  explain  briefly  its  action. 

().  What  are  the  methods  of  operating  rotarj*  pumps  and 
what  are  the  advantages  of  this  style  of  pump  over  reciprocating 
pumps?  Is  this  tyix'  of  pump  approved  by  the  Board  of  Under- 
writers? 

7.  (live  in  a  few  words  your  opinion  as  to  the  best  require- 
ments for  boilers  for  fire  engine  use. 

8.  If  you  were  engagiMl  to  locate  and  construct  a  pump  house 
in  a  small  town,  how  would  you  go  about  it?  Give  your  reasons 
for  the  position  you  would  select  and  your  methods  of  construction. 

1).     Descrilu' thr  principal  points  to  be  considertKl  in  designing 
a  distributing  system  over  any  particular  part  of  a  city   or   town. 
10.     How  can  the  velocitv  and  the  amount  of  flow  of  water  be 
obtainwl  bv  means  of  the  Venturi  meter? 
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Olf     TUB     S17BJBOT     OF 


FIRE  INSURxVXCE   IXSPECTION    PART   V 


1.  Write  out  a  brief  description  of  the  duties  of  the  building 
and  electrical  departments  of  a  city. 

2.  In  cities  where  the  buildings  are  high,  what  is  the  usual 
method  of  training  the  firemen? 

3.  Name  and  describe  the  various  divisions  of  the  fire  depart- 
ment of  a  city. 

4.  ^Vhat  are  the  best  arrangements  to  provide  for  the  equips 
ment  and  men  in  large  fire-engine  houses? 

5.  Why  should  the  cost  of  maintenance  of  automobile  fire 
apparatus  be  less  than  in  the  case  of  horse-drawn  fire  engines? 

0.  Describe  a  typical  fire  boat  and  equipment  and  explain 
why  it  is  designed  and  constructed  to  draw  but  little  water  and  to 
be  easilv  controlled. 

7.  In  the  case  of  cotton-covered  hose  what  pressure  should 
the  test  show  according  to  the  National  Board  requirements  for 
two  jackets  or  plies,  separate  or  interwoven? 

8.  Name  a  few  devices  in  use  in  fire  departments  as  time 
savers. 

9.  Wliere  would  be  the  best  site  for  a  central  office  building 
in  a  city?     Give  reasons  for  your  opinion. 

10.  Write  an  outline  of  about  500  words,  giving  your  ideas 
about  high  pressure  systems,  stating  advantages  and  disadvantages 
of  those  in  present  use  and  what  you  think  of  the  future  for  such 
systems. 

1 1 .  Name  five  of  the  principal  cities  of  the  United  States  hav- 
ing high-pressure  fire  ser\'ice  and  explain  what  sources  of  pressure  are 
used  in  each  in  addition  to  the  pumping  station  and  equipment. 
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FIRE  INSURANCE  INSPECTION  PART   VI 


1.  Explain  in  a  few  words  the  meaning  of  common  hazards 
and  of  special  hazards,  and  also  the  difference  between  the  two. 

2.  Name  an  example  of  a  conmion  fire  hazard  and  describe 
briefly. 

3.  What  is  the  safest  illuminant  known  and  is  it  safe  under 
all  conditions? 

4.  Is  it  considered  safe  to  install  acetylene  gas  machines 
inside  of  buildings?    If  so,  under  what  conditions? 

5.  State  briefly  the  cautions  that  should  be  used  by  the  owner 
of  an  acetylene  gi»nerating  system. 

().  Make  a  sketch  of  a  complete  installation  of  a  gasoline 
lighting  system,  naming  the  principal  parts. 

7.  What  is  the  chief  hazard  in  the  case  of  gasoline  vapor 
lighting  systems? 

8.  Explain  hazards  of  stoves  and  describe  how  stoves  should 
he  protected. 

9.  Write  out  in  your  own  words  a  short  outline  of  how  hot 
steam  pijn^s  may  caust*  fires  and  what  special  care  must  be  taken 
to  prt^vcnt  them. 

10.  In  a  a)ml)ination  heating  and  ventilating  system,  what 
natural  forces  are  utilized  as  a  means  of  operation? 

11.  Name  and  give  a  short  description  of  a  few  specially  haz- 
ardous heating  arrangements. 

12.  IIow  many  t\'pes  of  alcohol  stoves  are  in  general  use  today? 
Describe  the  operation  of  such  stoves.  In  your  opinion  are  they 
dangerous? 
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